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HOUSING ENDS (left) and rotor discs (right) are dressed to exact diameter with parting tool. Note that 
larger O.D. of ends requires pivoting headstock for clearance. Disc edges are rounded with flat file, pol- 
ished with fine-grit abrasive cloth. While ends will mount on chuck, discs' center hole is too small; you 
must make up a chucking mandrel (center) with end tapped for bolt passed through washer and bushing 


LiXHAUST PORTS were drilled (left) with ^-in. bit, then reamed to in. Simple jig positions all holes same 
distance from center (120 J spacing isn't critical). Air-jet slots were cut (center) by drilling series of holes 
v/i !i center bit, then using bit as milling cutter to clean out webs. Note angle-iron clamp to anchor 
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Popular Science , September 1955, 230-32 

Cardboard Blower Works 
Like Tesla's Lost Turbine 



By Walter C. Burton 

D ECADES before skin friction !>e- 
to poster airplane designers, 
Nikola Tesla harnessed it to pro- 
duce power. Tesla, the Croatian-born 
engineer who gave us alternating eur- 
rent and the induction motor, was after 
a more ef!i< ient engine to spin his gen- 
erators. 

T he Tesla turbine had no buc kets or 
vanes on its rotor, but onlv a number of 
smooth disks closely spaced <*n a shaft 


Sr. -;rrr— — — *« - jgt •tn.rr* .'trrwye 

TtSLA OAf TUtilMI required rw» eompr*t*or, 
but drew in furl and air through inicenioin 
one-way conduit* Kxplnidon m«i not rtmtin- 
umis. but trvJa (farmed tiro combustion 


cycle wa» lint enough to product* a mu&icii] 
note, Kxhuust crritted a partial vacuum that 
drew in a frenh charge of fuel and 
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THIS HOMKMADI tlOWEft, which deliver* a 
rriiwctablf air stream on modest power, U 


turbine. You ton btiih 


\ of c ardboard. 


YHACft Ofl fuU^lze pattern* for dl«kt And bona- 
fervg end* fram tbii drawing. Tn cut Ahkt with 
compAMk b#**d it* point and and* dfc for Made 
so that berth *r* vertical when legs mn 2Vt 
Clamp If possiMe. Punch Vi* shaft hoi* fie*. 
Slip thfj on the dowe I core-ring th* compati 
point, and sat Into Kola hi has*. Cat part way 
through from owe side, then Hip #¥*r. 


I lit power jet wa* directed against the 

edgrs - I the disks exhausting through 
h. I* v to them near the sji.tft. 

It i rttrk* ns n hhnvrr. INfug the same 
disk \< tor \ou < an build a cpiiet effec t 
-so little M'»wi r !t veil! ventilate a datk- 
mom. cool elec -fronir or pro jet tion equip- 
Mii-nt. i r dry negatives, photo prints, or 
painted objects. 

Made of cardboard the blower shown 
produced a moderafelv strong hree/e 
w lieu mounted on a 1/dOhp. motor that 
runs at 1.325 r.p.m. It boils air * >ff the* 






A GASKET CUTTIR makes short work of I he la 
disks, The shaft hole must be ;»< i m ateis c 'en- 
tered. H \mi use- a tom|»;ws, as in the di.iw- 
inj;. pirndi the center mid swing the eul from it. 
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r?or> tiq^~ 


HOUVNG INTAKE \ ' 
OPENING ^ 
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SPaCnG WA<,hC«S 
Sf!** £N PI4KS 


rims of its bhldcx, drawing jt in through 
the holes th.it serve as exhaust ports. 

I'ouerhonne in a hat, Trslit's first 
hum lei was so small and light for its out- 
put as to be a “j>m\ erhonse in a hat 
Built in l.ong Island in 190fl. it weighed 
loss than 10 lbs.. was about six inches 
in its greatest dimension, and developed 
■M) hp. when connected to a source of 
compressed air. 

Its rotor consisted of right flat mrtal 
disks H" in diameter, spaced 1/12" apart 
on a 1" shaft. The housing had to lx 1 
1/fU" bigger inside than the disks, for 
they expanded almost that much at their 
top sp<*ed of 35.000 r.p.m 

Hlotrtorch lurhine. To dispense with 
the IxWlcr, Tesla adapted his idea to an 
iuternal-eombustinn turbine shown in 
the drawing on page 210 from a ‘V)-\ ear- 
old eontem|>orar\ magazine Bv the use 
of one-way conduits of his own design. 
Tesla achieved a pulse-jet effect fast 
enough to predate continuous rotation. 

/digger Te*(a nteam turfnnex wen also 
built. One made m 1011 turned up 110 
hp. w ith, disks nnl\ 10" in diameter. But 
a 500-kw generating unit with 00" disks 
suffered** from metal fatigue and other 
ills that beset all turbines. 

Because other turbines were already 
highly developed. it was bypassed. Ivx- 
cept for use in an early auto s ped- 
ometer, 'in which a driven disk partly 
rotated a spring-loaded one placed close 
to it. the princ iple has lain dormant. f.m> 



AIR INi(T NOUS are bctrt cut with it punch 
like this. hut tun Ih* marie with a razor blade. 
Iniv them out on one disk, cut out. ami use it 
at it Kiiide tor spur ing hole*, in the others. 


ILOWflt SHAFT shown was turned to fit a small 
nurtor. For mi experimental setup, damp tin* 
disks ml a it holt with the head cut off C lunk 
in an electric drill or a drill press. 



STACK ROTOR DISKS with all ;yr intake fioles 
aligned. A cardboard washer, small enough mrt 
to block thexe. between each two disks. 

SjfidpufHT irti any burrs or rugged edge*. 


CUT INTAKE HOLE in the center of each films- 
in K «*nd. Crlue and tape a 1 7 n "-wide strip hr- 
twrrn them. Tin-can brackets are riveted to 
inside homing end and bolted to the motor. 
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The Tesla Turbine 

By R.S. Hedin 

Phn<« fcy Aul#irr 


A round the year 1900 Nikola 
Tesla, the inventor of the alter- 
nating current motor, developed a 
different kind of steam turbine. It had 
no blades or buckets but only smooth 
disks closely spaced on the rotor 
shaft. The steam entered tangentially 
via a nozzle and spiraled around 
between the disks, exiting through 
holes near the rotor shaft. Friction 
between the steam and the sides of 
the disks turned the rotor. It is said 
that Tesla's first turbine, the size of 
a "hat box," put out 30 hp with 125 
psi steam. 

My model (Photos 1 and 2) was 
made from a written description of 
the turbine and does not pretend to 
be a copy of the original Tesla unit. 
However, it works well on compres- 
sed air and probably would produce 
more torque on steam. 

The construction of this model 
includes a number of options. The 
full-blown unit can be made as 
shown, or with only one nozzle, or 
without the valves and piping. Made 


as shown, the turbine will run in 
either direction, depending on which 
valve is open. 

Starting construction with the 
case, make parts 1, 2 and 3 shown on 
the drawings The tubing (2) is silver 
soldered to the plate (1). Then after 
chucking on the inside and centering 
the tube, the plate is bored and faced 
to fit the .800" diameter of the bearing 
housing (3). The housing is then 
silver soldered into the plate. Again 
chuck the assembly on the large tube 
as before, and bore the bearing hous- 
ing to fit the ball bearings. Also, take a 
cleanup cut on the outside diameter 
at the same setup. This diameter will 
be used later for boring the inside of 
the rotor case. At this point the deci- 
sion is made to install one or two noz- 
zles and mill the pockets in the case as 
shown. The end mill will leave a 
radius in the comer; file this to a sharp 
comer so the nozzle will fit up tight 
against the plate (part 1). 

To finish the case, make parts 4, 5 
and 6. Soft solder these parts in place 


For strength use a solder that has a 
small amount of silver with the re- 
mainder tin. If the turbine is to be 
used with steam, drill a small hole at 
the lowest point in the case to drain 
the condensate. The inside of the 
case, the 2.50" diameter, is bored to a 
deanup, because a small amount of 
the nozzle projects into this diameter. 
Chuck on the OD of the bearing hous- 
ing. Also, face to clean up the end of 
the case, including the nozzle blocks. 
Complete the cover, item 13, and spot 
the holes in the case. Drill and tap for 
no. 2-56 screws. 

The rotor disks are made from 
flat aluminum sheet. They can best be 
cut using a flycutter in a drill press. 


The center hole is reamed .250". The 
sparing washers can be made in the 
lathe by parting off slices of stock with 
a .250“ hole . With items 7, 8, 9, 1 0 and 
14 completed, assemble the rotor and 
turn the OD of the disks to about .005'' 
smaller than the inside diameter of 
the case. Round the edges of the disks 
with a smooth file. 

With items 11 and 12 completed, 
the turbine can be assembled for test- 
ing. The setscrew in the bearing hous- 
ing keeps the spacer (12) in place, and 
the collar (11) keeps the rotor assem- 
bly from shifting. The .31 "diameter of 
the collar is placed against the ball 
bearing inner race. The entire rotor 
assembly with the ball bearings is 


adjusted endways by loosening the 
setscrew in the housing. Test the tur- 
bine on compressed air at about 40 to 
50 psi. 

The parts for the valves and pip- 
ing are, in the main, self-explanatory. 
The female union is silver soldered in 
the valve body in the same manner as 
the tee. The valve stem is packed with 
graphited string or something simi- 
lar. The completed valves and pipes 
are assembled on the turbine with the 
pipes loose in the tee. The pipes are 
then soft soldered in the tee. 

All that remains is to disassemble 
to clean and paint the case. 
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.250’ dia 


©WASHER 

.032’ aluminum/brass. 16 required 


-tap #4-40 



> r.250" dia 

m 

— * 

t _ 

'dia 

i 

- - .56” dia 

^ 

tZJ 

t i 

.03* 

- ♦ 

L 

.25 



©COLLAR 
steel brass, i required 


©HEX NUT 

Steel brass, -25*28 NF * 12 thick 


.43 hex stock . 


.265 drill - 



tap .37-24 NF 


©SPACER 

steel brass 'aluminum, 1 required 


(3) COVER 

brass aluminum. 1 required 


UNION NUT 
brass. 2 required 





10 





MALE UNION 
brass. 2 required 


- 1 5 drill 
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by T. D. Praast 


Copyright 1993 
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I thank you for your order for this booklet. I sincerely hope that 
you'll find It Informative and perhaps an eye-opener. 

As I wrote the booklet and devised the machines# I found that it was 
nearly an impossibility to do plane for specific applications! the Tesla 
turbine lends itself quite well to many applications. I have built air 
movers, air compressors, air motors, steam turbines, and water pumps. 
Interestingly, the construction of those devices changed little from one 
to another; the only type that requires change is the water pump, mainly 
due to the viscosity of the fluid, and there is no change in concept. 


Since the applications can vary so widely, from air to concrete pumps, I 
was forced to include only general plans and enough explanatory text to 


giYfi kb4qh the Idea* Freni thie> there eheuld be eneugh 

build many applications. 


inlermatien te 


If you do have some application that doesn't seem to be covered, please 
write down the requirements. Send me those requirements, and I'll do my 
best to clarify and/or devise a means for the construction for your 
application. My purpose in this game is not primarily to make a profit 
(I don't, and that's the truthl); my purpose ie to get this knowledge 
out, so more people know about it. 1 figure we've been had enough. 
(Short comment! some fourteen years ago, I was on the team of engineers 
that did the Ford EECIV computer, Twenty breadboard computers were 
installed on large cars. In talking directly with engineers from that 
auto company, I was informed that big Lincolns and Fords were getting 
over 30 mpg in city drivingl Yet now, cars that weigh nearly a ton lesB 
are getting five mpg less on the highway: does that make sense? 
Personally, I've about had enough of the phony Btuff.) So, if there is 
anything I can do to help with your projects, drop me a line. 


Again, thank you for your order. 





T. D. Praast 


Post script! I'm compiling further information on certain applications 
for one of the purchasers of the booklet. If you would like to have the 
information, drop me a line. This information will be technical in 
nature. 

. Post-post script 

} 1 . . Received your order yesterday, 13 April. In reply, I'll say these 

things: the material in the booklet is quite general. There really is 


very little material available on the turbine. Some of this booklet has 
bean taken from what I could find of articles, patents, legal documents 
and other written things I've scrounged up. Moat of those ere from the 
times, from 1891 to around 1925. Some material is more recent. I tend 
to have a little more faith in some of the older writings than the newi 
those people were quite practical and seldom went off the deep end when 
dealing with the mechanics of things. Simplistic approaches most always 
tend to work better than complex ones. 

I truly think that the Tesla turbine, properly built, can have a real 
effect on the way things are done. The key word is properly. Tesla 
himself had a good many failures with it. His first turbines were not 
good, and didn't compare favorably with the bucket and blade turbines of 
the day (most of which, incidentally, were nearly identical with what we 
have now). It required several years for Mr. Tesla to get the turbine 
to run efficiently. The properly built part of the turbine is, to a 
great extent, the space between the disks. Torque produced by the 
turbine is dependent on that space, and on the number of disks, or the 
effective operating area. So, in the construction of a water pump, for 
instance, you could improve the pump by using more disks with smaller 
space between the plates for any given output diameter. The head 
(torque) can be increased by the above and by using a diffuser that is 
not a volute casing, but peels the fluid off more slowly that the volute 
casing. This provides more time for the fluid to reach the peripheral 
velocity of the disks. This type won't pump as much as a volute, but it 
will provide better pressure characteristics. The viscosity of the 
fluid, as stated in the booklet, is a further consideration. In the 
booklet, I've stated a separation of up to 1/4" for water: aa a general 
rule, this will work reasonably well. For increased pressure, the peel 
off should be less. With the lesser quantity and longer path comes 
higher efficiency, also (according to Tesla, and also is indicated in 
the experiments I've done), These changes should be easily 
accomplished, and experimentation would be easy, since the only thing 
that would be changed would be the center housing and diffuser: a volute 
case can be substituted fairly easily. 

Regarding the efficiency, affidavits I've seen indicate in tests that 
the steam turbines Tesla built were capable of higher efficiencies than 
the normal bladed turbines (and we still use those). The main advantage 
indicated at that time was that there was less apparent slip of steam 
and disk than other turbines. Steam usage was brought below the levels 
of other turbines, and the Tesla turbine was proved beyond reasonable 
doubt to be capable of using wet steam without damage. Quite a number 
of engineers of the time tested the turbine, and I haven't been able to 
find much written that was detrimental. 

I have read "Boudary Layer Breakthrough"; I know not whereof Mr. 

McGinnis speaks. The book is nothing more than a compilation of 
articles on the turbine, with some pictures and written word of the 
things done by Possell's company, whatever that company is. As nearly 
as I am able to determine, moat of what is written is quite so. As for 
Poaeell himself, I know nothing of him, nor am I familiar with any 
controversy. I would be interested in knowing more about this. 



Regarding any detrimental writings about the Tesla turbine, I tend to 
take those things with more salt than normal. Personally, I'm not 
entirely convinced that Tesla himself knew fully why the turbine works 
as well as it does: this is, to some degree, supported by the fact that 
his early turbines were relatively inefficient, Note thoroughly the 
stuff in the booklet about the Chaos theory, This has a definite effect 
on the turbine, I've done airstream tests on it, and the effects of 
turbulenceon it are dramatic. When critical points are reached, the 
burst of turbulence is obvious in smoke trails. 

When dealing with air, if higher pressures are desired, compound the 
machine. It's a bit more difficult in construction, but does work well. 
The peripheral velocity is important, as is the initial pressure. The 
second stage works the same way as a positive displacemen t twin cylinder 
compressor. Higher peripheral velocities generate higher pressures. 

For my own purposes (oillesB compressors at up to 150 psi), the Tesla 
seems to do the Job better than diaphragm types, giving greater 
quantities of air (breathable air for Hookah diving) at required 
pressures and using less power. This is used on a gold dredge, so the 
more power left for pumping water, the happier I am. Regarding 
pressure, I think (not certain at this time) that you can get whatever 
pressure you need, within limits, by using more stages of compression. 
The same ie true with vacuum. 

Using it as an air turbine, with the input air at ambient, the exhaust 
will be substantially colder than ambient, depending on load, etc. The 
turbine will pull heat down to well below -40 P, With a compounded air 
turbine under good load, 80 peig air will come out at below -100 F. If 
the disk setup is large with respect to the amount of air input, single 
stage turbines will take the pressure down near ambient; this does, 
however, take place when the turbine is running at high speeds. At 
lower speeds, the spiral path becomes shorter and the turbine is less 
efficient. See text. This can be partially overcome by building large 
diameter disks running at lower speeds; the penalty is in size. 

I have built heat turbines. None as Btrictly a gas turbine, other than 
using a heater such as a propane flame; this is sort of shown In the 
booklet. I'm developing a turbine that runs from the hot exhaust out of 
a standard engine. I'll let you know how that works, 

Finally, you've asked some questions whose answers may indirectly be in 
the booklet; as stated, I had to limit the dissertation to quite a 
degree. But eince you've asked, I shall compile information that will 
probably be useful, since you are obviously capable of digesting it. 

Thie will be information I left out purposely. 

My phone number ie 619-447-0942, home. And the more I know about thie 
thing, the better, bo any exchange will be good, whether pro or con. 
tdp 
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I thank you for your order for this booklet. I sincerely hope that 
you'll find it informative and perhaps an eye-opener. 

As I wrote the booklet and devised the machines, I found that it was 
nearly an impossibility to do plans for specific applications: the Tesla 
turbine lends itself quite well to many applications. I have built air 
movers, air compressors, air motors, steam turbines, and water pumps. 
Interestingly, the construction of those devices changed little from one 
to another; the only type that requires change is the water pump, mainly 
due to the viscosity of the fluid, and there is no change in concept. 

Since the applications can vary so widely, from air to concrete pumps, I 
was forced to include only general plans and enough explanatory text to 
give readers the idea. From this, there should be enough information to 
build many applications. 

If you do have some application that doesn't seem to be covered, please 
write down the requirements. Send me those requirements, and I'll do my 
best to clarify and/or devise a means for the construction for your 
application. My purpose in this game is not primarily to make a profit 
(I don't, and that's the truth!); my purpose is to get this knowledge 
out, so more people know about it. I figure we've been had enough. 
(Short comment: some fourteen years ago, I was on the team of engineers 
that did the Ford EECIV computer. Twenty breadboard computers were 
installed on large cars. In talking directly with engineers from that 
auto company, I was informed that big Lincolns and Fords were getting 
over 30 mpg in city driving! Yet now, cars that weigh nearly a ton less 
are getting five mpg less on the highway: does that make sense? 
Personally, I've about had enough of the phony stuff.) So, if there is 
anything I can do to help with your projects, drop me a line. 

Again, thank you for your order. 

Sincerely, 



T. D. Praast 


Post script: I'm compiling further information on certain applications 

for one of the purchasers of the booklet. If you would like to have the 
information, drop me a line. This information will be technical in 
nature. 
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The Standard Gas Turbine, basics 



1 2 3 4 5 6 

1 - compressor section 

2 - combustion chamber 

3 - compressor drive turbines 

4 - power turbine (may be more than one) 

5 - exhaust diverter 

6 - power output shaft 

In the standard gas turbine, air is taken into the open end 
of the compressor section. The air is then compressed and 
fed into the combustion chamber. Fuel is injected into the 
compressed air and ignited. The expanding gases drive the 
compressor drive turbines to power the compressor, after 
which the gases go through the power turbine, providing 
drive to the power output shaft. Such engines will provide 
large amounts of shaft horsepower in a relatively small 
package, light in weight. The major difficulty with gas 
turbines (or any other standard tubine) is that the gases 
are deflected by the blades of the turbine. These blades 
turn at high speeds, and if any particles are taken into the 
turbine, the blades will probably be damaged. Also, since 
the turbine will develop great power, the roots, or bases, 
of the blades tend to be a weak spot. A turbine can develop 
many horsepower per blade, which puts great stress on those 
blades . 
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The Steam Turbine, basics 

With the standard steam turbine, the steam enters the 
turbine at the small end. As the high pressure steam 
expands, it is routed through stationary and moving blades 
in a pattern that changes steam direction many times. As 
with the gas turbine, the steam turbine will develop large 
amounts of shaft horsepower, so the same difficulty exists 
with the blades having very high stress factors at their 
bases. Since the turbine is essentially high speed, any 
particles, as previously stated, will cause blade erosion. 

A further problem with the steam turbine is that the steam 
must not be allowed to condense, or change phase, to water 
droplets, as the droplets will be extremely damaging to the 
high speed blades. The basic path of the steam is shown 
below. 
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TO BEGIN WITH. . . 


It is necessary for the reader to know some of the terms 
used in this paper. For those not familiar with physics 
terminology, the following definitions and explanations are 
offered. 

fluid: a substance that flows and will take on the shape of 
its container. Air, water, and gasoline are fluids. 

turbulent: violently agitated or disturbed. Turbulent fluid 
flow is a disturbed flow, and offers a much higher flow 
resistance than a smooth and undisturbed flow. Turbulence 
tends to absorb energy. In the Tesla turbine, turbulence is 
used to increase the conversion of heat energy to mechanical 
energy at low turbine speeds. A good example of turbulence 
is a natural mountain stream. The water flow is virtually 
unpredictable, other than it will flow downhill. 

rotational members: those parts of a machine that spin. In 
the case of the turbine, the blades, disks and shafts are 
rotational members. 

efficiency: in the conversion of one type of energy to 
another, the amount of power out vs. power in. If an engine 
is fed chemical energy of 100 horsepower/hours and produces 
10 horsepower /hours of useful mechanical energy, it is 10% 
efficient. Many factors contribute to inefficiency, such as 
reciprocating motion, passing through of unburned fuel, 
unused heat, et cetera. A 100% efficient engine would 
remain cool (at ambient temperature), would be frictionless, 
would have no reciprocating parts, and would have an exhaust 
temperature equivalent to the combined inlet temperature. 
Reciprocating parts, such as pistons and valves must be 
started and stopped, the action requiring energy; this is 
shown as inefficiency of operation. 

Chaos: a disordered state. In modern physics, the Chaos 
theory implies that there are almost infinite possibilities 
in the natural configuration of everything. (This is the 
shortest statement that can be made about quantum physics, 
essentially.) Small differences in the initial state of any 
situation, for instance, will create very large and 
increasing differences as the situation evolves. Sometimes 
called the Butterfly Theory, Chaos states that if a 
butterfly changes direction in China, the differences in the 
airflow around the world may change; the energy changes the 
butterfly caused are amplified downwind, and this simple act 
may cause storms across the Pacific Ocean. The theory was 
observed in 1964 by a meteorologist attempting to predict 
weather; it was found that tiny changes in atmospheric 
condidtions could cause great variations in weather 
patterns, the variations increasing tremendously as distance 
from the initial variation increased. There is a dislike of 



the theory among engineers and physicists simply because it 
states that results will be unpredictable; so-called 
"scientific method" requires predictability. Many results 
of Chaos are blamed on other things we know, such as 
friction. Fluid flow through a pipe is an example: it is 
assumed that the increased length of a pipe increases 
friction of the fluid being transported, and therefore the 
pipe diameter must be increased to handle greater fluid 
flows. Chaos implies that with an increased velocity, there 
is increased turbulence, and it is this increased turbulence 
that causes a large portion of the resistance of the fluid 
flow in the pipe. Friction is still a factor, but 
turbulence must also be considered. An easy way of 
illustrating this questionable part of physics is to 
consider a simple drip watering hose. Classical physics 
states that a fluid contained will exert the same pressure 
everywhere in the container. While this is true if 
everything is static, or unmoving, a dynamical system is a 
horse of a different hue. That watering hose is made from a 
porous material, with the central area empty. If Chaos is 
ignored and the system is analyzed as a static system, the 
same amount of water will bleed from the end of the hose as 
at the start; in a dynamical system it does not, a fact 
which implies that the pressure at the end of the hose is 
less than that at the start of the hose. This fact cannot 
be explained away by simple friction, since the center of 
the hose is empty except for the fluid. The explanation for 
this must be the increased absorption of energy by the 
turbulence within the hose, caused, at least in part, by the 
velocity of the fluid. 

diffuser: a pipe or similar structure whose inlet is of 
smaller area (or diameter) than its outlet. For example, a 
pipe of one inch diameter that gradually flares out to two 
inches in diameter is a diffuser. Diffusing a fluid, in the 
above instance, would cause a decrease in velocity to one 
fourth of the initial velocity. This is due to the fact 
that if the diameter of a pipe is doubled, the area of the 
pipe is increased four times and will carry four times as 
much fluid at the same velocity, or the same amount of fluid 
at one fourth the velocity. Note that the pressure will 
increase with the decrease in velocity according to the law 
of conservation of energy. (This is classical physics; for 
most large physical systems, we can ignore quantum physics, 
as most everyone does anyway.) 

nozzle: opposite of the diffuser. With the decrease in 
diameter is an increase in velocity. A nozzle decreasing in 
diameter by one half will increase velocity four times while 
decreasing the pressure. This is a conversion from 
potential energy to kinetic energy, or from static pressure 
to velocity. The formula to calculate is Energy = mass 
times velocity squared. 



21 


torque: force of rotation. 

reciprocating engine: an engine that uses a back and forth 
motion for conversion of heat energy to mechanical energy. 
Work is required to run such an engine because energy is 
required to start and stop the reciprocating motion. This 
introduces inefficency into the engine (the energy required 
to start and stop motion is not usable to produce work 
outside the engine). A turbine has no reciprocating parts, 
and is therefore substantially more efficient. 


Theory of the Tesla Turbine 


Nikola Tesla introduced many revolutionary inventions 
and ideas, among them the Tesla turbine - a remarkable 
concept for conversion of heat energy to mechanical rotary 
motion: remarkable in that this turbine does not use blades 
and buckets to deflect the flow of the working fluid as is 
the case with a conventional turbine. Virtually every heat 
engine ever designed has used some form of trapped expanding 
gases or deflected fluid flow to produce power. The primary 
motive forces utilized in the Tesla turbine are molecular 
attraction and turbulence. As the gases expand in their 
path from entry to exit, the molecules of the gases resist 
separation from the disks of the turbine, thus imparting 
their momentum to the disks. Looking at this turbine 
mechanically, it seems to go against everything we've been 
taught. However, the principle is easily seen and readily 
understood: when driving in rain or in the water, the tires 
of a vehicle tend to pick up the water and carry it with 
them. This, then, is the same molecular attraction 
principle used in the Tesla turbine. 

Avoiding the common catches that we have in the world 
of physics, in our perceptions, mathematics, etc., think of 
the Tesla turbine as a device wherein the molecules entering 
at high speeds just latch on to the disks, and the momtentum 
of the particles is imparted to the disks, carrying them 
along with the particles. Got that? 


the rotor 



rotor with shaft rotor in casing with 

nozzle or diffuser 




Fig. 1. Basic Tesla turbine configuration. 


Ok, now think of those particles following a spiral 
path from the outside of the disks to the center exit hole. 
As the particles traverse this path, the heat of the gases 
decreases because of the work required in spinning the disks 
(remember, heat equals work); the volume the gases occupy is 
less (since the diameter is decreasing and there is less 
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heat); so the physical laws of volume and temperature are 
satisfied (the higher the temperature, the greater the 
volume under constant pressure, put simply) . Thus, the heat 
is used to generate mechanical power - in technical terms, 
the heat energy is converted to mechanical energy. This is 
virtually identical to the conversion in a piston engine, 
except that there is a very long time, comparatively, for 
the heat to be converted. Since heat equals work, and since 
more heat is converted to work, the Tesla turbine is more 
efficient than conventional machines. 

In addition to the capacity to produce mechanical power 
is the capability of the turbine, with little modification, 
to act as a pumping device. So, if the rotor is producing 
mechanical power via expanding gases, it is an engine; if 
the shaft is driven mechanically by an engine, the rotor 
acts as a pump. If the machine is properly designed, then, 
the Tesla turbine can be either. Coupled with this peculiar 
versatility is the very high efficiency of the device. 

Noting that turbulence is energy absorbing, we find that 
most any engine or pump that has excessive turbulence also 
has low efficiency. Witness to this is the massive amount 
of effort that has gone into smoothing the airflow in normal 
engines: hemispherical combustion chambers, polished ports 
and fitted manifolds, aerodynamic valving, and so on. The 
Tesla turbine also has turbulence (this is a fact; many 
people, including Tesla himself, assumed that the smooth 
circular path does away with turbulence; this is not 
necessarily the case, as will be seen later). The 
difference is that the turbulence within the Tesla turbine 
is utilized by the rotor, unwittingly, to trap the heat 
energy and cause greater effect on the rotor at low rpm, 
allowing the machine to convert more heat energy to 
mechanical energy than would otherwise be possible. 

A further advantage of the Tesla turbine is the 
simplicity of reversal of its rotation. In using the device 
to convert to mechanical energy, all that is necessary to 
reverse the machine is to inject the hot gases in the 
opposite direction. All that is required is a second jet 
and a means of valving the two jets. The direction of the 
motion, then, is dependent entirely on which jet is emitting 
the gases. The direction of rotation is shown below. 

Remembering that the rotor will turn in the direction 
of the emitted gases, it's easy to see that in the case of 
Fig. 2A, the motion of the rotor will be counterclockwise, 
and in the case of Fig. 2B, the rotary motion will be 
clockwise. If two ports are used, facing opposite 
directions, either direction can be obtained (see Fig. 3). 
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Fig. 2A 


Fig. 2B 


All that is required, then, to have a reversible turbine is 
to connect the two together, with some valve arrangement. 
Here's an example: 



Fig. 3 

Easy, huh? Wouldn't it be nice to have a reversible 
engine in your car, so all that would be required for the 
car to go backwards is simply switching a valve? 

Many people that are mechanically inclined or have book 
knowledge of mechanical things tend to analyze the Tesla 
turbine with no real thought towards the subjects mentioned 
so far. Reading materials pertaining to Tesla's 
experiments, however, relates interesting facts. One of 
these is the tendency of the Tesla turbine to reach high 
power levels very quickly. An unloaded turbine will attain 
full speed within a very short time (well under a second) 
from the initial injection of the driving fluid. This is 
due primarily to the immense torque developed at low or no 
RPM. So the caution is: don't dwell on the fact that air is 
blowing through the device between the disks, and think that 
the Tesla turbine won't be powerful and responsive. This is 
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a thought that occurs to most people upon introduction to 
the Tesla machine (it occurred to me, also). Yet, in tests 
conducted by Tesla, the turbines reached operating speeds 
quickly; if the whole concept is considered, it's perfectly 
reasonable that this is the case, since a very high 
percentage of the machine is used in the production of 
rotating power. Contrary to piston engines, where most of 
the weight is involved in valving and reciprocating gear, 
almost the total area of the disks produces power. And 
contrary to modern turbines, there is a greater area of disk 
producing power than in the bladed types; also, within 
standard turbines, the driving fluid is turned back in 
different directions, causing turbulence and thereby losing 
some of the power available. Since the disks are solid, 
there is a lesser material requirement in the construction 
of the blades; it's not so difficult for flat disks to be 
punched from plate or sheet, while it is difficult to make 
standard turbine blades that will last. And a simple circle 
cut from metal presents very high tensile strength, with no 
base for flexure, as is the case with a normal turbine. 
Further, due to the nature of the beast, there is erosion on 
the blades of normal turbines (due to the turbulence 
creating high and low pressure areas, besides induction of 
debris, however small), while the laminar layer of the Tesla 
turbine effectively prevents disk erosion due to the same 
factors. This suggests the use of fuels not normally 
considered adequate for any type of internal combustion 
engine. The Tesla turbine can use fuel that creates large 
amounts of ash without damage; or, it can use wet steam 
(steam that is not superheated to high temperatures). 

Tesla's experimental turbines produced as much as ten 
thousand horsepower. His gas turbine produced 110 brake 
horsepower using a nine and one half inch diameter rotor an 
inch and a half thick. Two hundred horsepower were produced 
with limited steam using an 18 inch rotor. The amount of 
power produced is proportional to the rotor size, number of 
disks, and speed, along with the input fluid pressure and 
temperature. Much of Tesla's work with operational turbines 
was done at the Edison plant, where the steam supply was 
apparently superheated to 100 degrees above boiling point. 
Pressure of 150 psi was available, also apparently seldom, 
if ever, used. Data on Tesla's experiments is not readily 
available, and what there is would certainly not fill books. 
His notes, of course, were confiscated by the government; 
supposedly, all Tesla's notes were turned over to his native 
country for a museum, but there have been many unanswered 
questions about that. 

Many claims are made regarding the efficiencies of 
steam turbines in generation plants. Remember that those 


4 


26 


efficiencies are quoted as being the amount of heat actually 
converted to mechanical energy as determined by the 
comparison of input and output heat energy. That is, the 
temperature of the turbine inlet compared to the temperature 
of the turbine exhaust, vs. the amount of mechanical power 
actually produced. The Tesla turbine can convert hot steam 
to water within the turbine; a bucket turbine cannot do 
this, and heat (mainly the latent heat of vaporization) must 
be recovered outside the turbine for the plant efficiency to 
be high. The Tesla turbine then, since the heat can be 
converted in the machine, does not require the heat 
exchanging devices a normal steam plant needs. Material on 
generation plants can be found in the library, in electrical 
engineering manuals. Remember that the claims for 
efficiency are restricted by the above limitation (plant 
efficiency of 38% is considered good) . In the Tesla tests, 
using steam, the Tesla turbine was capable of converting 
most of the heat; exhaust pressures were down to 2 lb./sq. 
inch on single stage Tesla turbines, and with compounded 
Tesla turbines (one running on the exhaust of the other, the 
second having three times as many disks as the first), the 
conversion was measured at 950 BTU per 1000 BTU input, 
leaving water as the exhaust. (Incidentally, this works out 
to be a measured 95% efficiency. ) Most other steam machines 
are incapable of this conversion, since water droplets will 
destroy a turbine and, in the case of a piston engine, water 
accumulating in the cylinder will cause real havoc. A steam 
turbine in an automobile becomes quite practical with the 
Tesla turbine, since the power package can be made much 
smaller and lighter than with any other type of engine of 
similar power, allowing space for the boiler, and doing away 
with condensers and regenerators. (Also transmissions.) 
While this does not imply that the steam Tesla turbine is 
more efficient than a gas turbine, it does state that the 
steam Tesla turbine makes a steam car both practical and 
highly efficient, compared to our modern gas powered cars. 

It's also quite possible, with the Tesla turbine, to 
build a relatively inexpensive gas turbine, so long as the 
inlet temperatures are kept within the limits of the 
materials used for the blades. Possible ways of doing this 
will be examined later on in this paper. 

Recalling previously mentioned turbulence, the question 
is raised how this affects the turbine. In standard 
turbines, gases are deflected in different directions, back 
and forth. When this is done, turbulent areas are produced. 
Turbulence absorbs heat energy (the air is converting heat 
energy to mechanical motion), and also creates high and low 
pressure areas. These areas of varying pressure tend to 
erode the normal turbine blades. Also, deflection of high 
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speed gases causes erosion from specks of dust, sand or any 
other solids or liquids that may be ingested by the turbine. 

Contrary to the normal situation, the Tesla turbine 
uses turbulence in a different fashion, indirectly, to 
increase the amount of torque produced at low engine speeds. 
The emission of high speed gases from the nozzle onto the 
disks causes turbulence; why this is so is not completely 
clear. It has been found, by experimental physics, that 
gases passing by solid plates are accompanied by turbulence 
at the borders of the two; that turbulence increases as the 
difference of velocities increases. That is, if a gas is 
blowing across a stationary plate, the higher the velocity 
of the gas, the thicker the layer of turbulence above it. 
There is a greater amount of drag, in aerodynamic terms; 
this increases the amount of output of the Tesla turbine at 
low RPM. If the gas is blown between two plates, the 
effective distance between the two, for passage of gas, 
decreases with the increase in velocity. This interesting 
property is well known in fluid dynamics, but has yet to be 
explained, except in a very roundabout way by the Chaos 
theory, a theory that says, in it's simplest form, that 
nothing in the universe can be accurately predicted all the 
time. That, too, is well known to physicists. We can get 
close, but not completely accurate. It is this phenomenon 
that is a major cause of the power of the Tesla turbine at 
low rpm. And yes, I know there will be those who would 
dispute this, but I stand firm on the sciences of fluid 
dynamics and quantum physics. It does happen, and it defies 
pure scientific explanation, the same way that we cannot 
accurately forecast weather. We can only give the odds that 
it'll rain or be sunny. 
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CAPABILITIES OF THE TESLA TURBINE 

There are characteristics of the Tesla machine that 
make it very desirable as a pump. Those who have experience 
with pumps will know that there are design factors in 
centrifugal pumps that demand serious consideration. Among 
those considerations are the head against the pump, the 
material being pumped, the amount of detritus suspended in 
the fluid, temperature of the fluid, what the capacity of 
the pump must be, what the speed of the pump should be, and 
so on. 

At higher revolutions per minute (which is angular 
velocity), a normal pump will cavitate as does a screw 
(propeller) on a speedboat. This cavitation is caused by 
turbulence of the blades (lifting surfaces) as they pass 
through the fluid. During the passage of the blades, high 
and low pressure areas are created. The low pressure areas, 
at high angular velocities, will drop low enough in pressure 
to cause the fluid to boil (external pressure drops below 
fluid vapor pressure; water will boil at room temperature 
when placed in a vacuum), and repeated activity of this type 
will eat away the impeller. High pressure areas will act in 
a similar manner, opposite, also removing parts of the 
impeller. After a time, the impeller would end up as a nub, 
basically nothing left of it. As a consequence of this, 
most high-durability pumps are designed and run at lower 
speeds, to extend the life of the pump. These pumps are 
also very expensive, since castings must be made for the 
impeller and body of the pump. The norm is that the 
impeller is replaceable, because of the tendency to wear. 
This is the first advantage: the Tesla pump will not 
cavitate, since there are no blades. One spinoff of this is 
that the Tesla pump doesn't have the same speed limitation: 
the faster the thing turns, the more it pumps and the higher 
the pressure it can deliver (Tesla produced a pump that 
delivered 4000 gallons per minute against a 350 foot head). 

The lifting surfaces (blades) on a pump must have 
pressure against them in order to operate without damage, 
while the Tesla pump does not. A standard centrifugal pump, 
if designed for use with a pressure head, is used free flow, 
the pump will probably load the engine or motor down, the 
pump will overheat, and be destroyed. This is not the case 
with the Tesla pump. 

A normal bladed pump cannot be run dry. The Tesla pump 
is unaffected if no water is in it; it simply tries to be an 
air compressor. Seals in a normal pump must be kept wet, or 
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they will be destroyed; the Tesla pump can be designed with 
no seals, although it will work better if sealed. 

Sand or other abrasives will destroy a normal pump in 
short order; the abrasives will eat away the impeller 
quickly, while the Tesla pump is unaffected by abrasives of 
any type. In fact, the Tesla turbine can be designed to 
blow air with sand in it, and will be relatively unaffected 
by it, provided the bearings are properly sealed to keep 
them clean. The reason this is true is that there is a 
molecular layer at the boundary of the disks; this layer is 
stationary with respect to the disks and doesn't allow 
contact between the material being pumped and the disks. 

So, water can be pumped from a stream without regard to 
keeping the intake out of the sand and sediment in the 
stream. This same boudary layer principle is used in the 
operation of hard disks in computers: a molecular layer of 
air prevents the magnetic heads from contacting the spinning 
disks. Excessive vibration will, as computer professionals 
are well aware, destroy a hard drive; the heads can bounce 
on the platters and will destroy the magnetic coating, as 
well as the heads. While this is also true with the Tesla 
turbine, the particulates will quickly be displaced and 
there will be little, if any, damage. Another point in this 
case is the fact that in normal operation, the migration of 
the fluid is toward the periphery (outside) of the disks, 
and the particulate matter is travelling with its speed low 
in relation to the disks. 

The Tesla pump is also very efficient. One of Tesla's 
experiments (unfortunately, all we have is written word: but 
this was witnessed by many people) used a 1/12 HP induction 
motor driving a Tesla pump, delivering 40 gallons per minute 
against a 9 foot head. The water was pumped to about 18 
inches height, under pressure. My last comparable pump used 
a 3 1/2 HP engine to pump 110 GPM at a 15 foot head, and the 
engine worked fairly hard to do it. A pump I'm using now is 
capable of 400 GPM, and uses an 8 HP engine. It's common to 
use 40 HP car engines to pump 1500 GPM. If the Tesla pump, 
in larger form, can be as efficient as his experimental 
pumps (and it should be), I should be able to pump that 1500 
GPM with a lot less than 40 HP! At this printing, that 
project is in process (there is a 1500 gpm pump now 
produced; unfortunately, I've been unable to locate the 
source). Tesla claimed efficiencies up to 95%, an amazing 
claim, but one that seems very close to truth. 

Regarding efficiency, the reciprocating, or standard 
piston, engine, becomes substantially more efficient as the 
stroke length is increased. Though it is seldom stated, the 
longer the expansion time hot gases have, the more work is 
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available from them. A comparison between the large engines 
of big trucks and the small engines of modern cars is a good 
example. A truck diesel has a very long stroke and produces 
perhaps 400 HP and 1100 ft/lbs of torque at 1000 RPM, while 
a small car engine may produce 120 HP and 105 ft/lbs of 
torque at much higher RPM. Granting that other factors 
enter into this comparison, consider that a big truck more 
often than not will be pulling close to 80,000 pounds of 
load, total, and in some states, up to 115,000 pounds 
(trailers called Rocky Mountain doubles in the trucking 
industry; the tractor has a long semi-trailer hooked to the 
fifth wheel, 45 to 53 feet, and a shorter 28 foot full 
trailer hooked to the back of that); even with this huge 
amount of weight, those big trucks are getting comparatively 
good mileage. With some types of diesel engines, I've heard 
of mileages up to 10.2 MPG. My truck averaged 7.7 MPG 
overall (I had a 315 HP with a 9 speed transmission), with 
gross weights around 65,000 pounds. That included running 
the engine sometimes at night to keep the cab cool while I 
slept (an absolute necessity in the South during the summer; 
ask any trucker). If my current car did as well, I should 
be getting 112 MPG (yeah, right!). But of course, industry 
couldn't allow cars that would go three quarters of a 
million miles without overhaul and get 112 MPG, could it? 
Moreover, people just wouldn't want to drive cars that might 
take a mile to accelerate to highway speeds and might slow 
down some on the hills, just the same way that most drivers 
refuse to do pre-trip inspections on their transportation. 
This is understandable; I don't care to spend a lot of time 
getting up to speed either. But this requirement does mean 
that a larger engine must be used. The Tesla turbine will 
put out just about what is put in, so its size is less 
material. If a ten inch Tesla turbine is rated at 110 HP, 
it can put out more, much more, if more heat/pressure is put 
in, making it ideal for driving a car. At any rate, those 
big diesels are being run in just about the most efficient 
configuration a piston engine can be run, reasonably. 

Now consider the Tesla turbine. Referencing Figure 4, 
you can see that when the turbine is spinning fast, the flow 
path is very long, and with that long flow path, there is a 
much greater length of time for the propelling fluid (the 
expanding hot gases) to act upon the driven member, the 
disks of the Tesla turbine. This suggests that more of the 
heat is converted to mechanical energy than in any other 
form of engine. There may be some argument about this with 
respect to the standard turbines, but consider the standard 
turbine. Within all turbines now used, the driving fluid 
(steam, hot gases or whatever) are bounced off the blades, 
then bounced off more blades, and so on. Immediately, this 
should say that a turbine in which the driving fluid simply 
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drags the rotor with it is going to be more efficient. And 
so it is (remember all that about the Chaos effect and 
turbulence). The rotor in the Tesla turbine has a long time 
to pull the power from a smooth fluid path. 


Long Flow Path, High RPM Short Flow Path, Low RPM 
Highest Efficiency Lowest Efficiency 

Less Torque Greater Torque 



Fig. 4A 


Fig. 4B 



Now, examining Fig 4B, we see that the flow path is 
relatively short. This implies that the fluid velocity is 
much greater than in Fig. 4A, compared to the disks. That 
fact is the cause of the chaotic turbulence between the 
disks, and subsequently the increased amount of torque the 
machine has at low rpm. As the disks spin faster and 
faster, the centrifugal force (the force that pushes outward 
in a rotating body) increases, and the fluid is forced to 
take the longer path, allowing the efficiency to rise. So 
we see that as greater and greater loads are placed on the 
Tesla turbine, the torque increases and increases. This is 
exactly what is needed, for instance, in the automobile. 

Interestingly, this aspect of the Tesla turbine gives 
the turbine one of its more desirable characteristics: high 
torque at low RPM. This, of course, is also its least 
efficient mode of operation (since the fluid path is much 
shorter). However, if one considers the application, for 
instance, of the use of a Tesla turbine in a steam powered 
car, or a car powered by compressed air, the advantages are 
obvious: no gears are needed, no transmission is required, 
similar to the Stanley Steamer and other steam powered cars. 
The turbine will produce enough torque to move the car 
easily from a stop. The main difference is in efficiency: 
the Tesla turbine can easily convert 90% of the heat to 
mechanical energy, and in fact will run well on wet steam 
without damage. For those who know steam, this provides the 
interesting possibility of utilizing the latent heat of 
vaporization by compounding the turbine and supplying a 
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vacuum at the exhaust; a 28-29 inch vacuum would be adequate 
to pull virtually all added heat from the steam (nearly to 
ambient temperatures). This adds no moving parts if all the 
elements are mounted to the same shaft, including the vacuum 
pump (remember, the Tesla turbine will act as a pump, and 
can be utilized as the vacuum pump). Since the Tesla 
turbine doesn't have buckets, wet steam won't cause 
deterioration; no superheating of the steam is necessary for 
efficient operation, although since heat equals power, 
superheating of the steam will cause greater power to be 
produced on the equivalent steam, decreasing the steam 
consumption. In the turbine industry, it's considered 
(apparently: I have heard this from turbine designers, but 
have no direct knowledge of it) a rule of thumb that for 
every temperature increase of about 350 degrees, horsepower 
is doubled. Still, high temperatures are unnecessary if 
weight is not truly a crucial factor, and the metals used in 
construction of the boiler can be of the more common 
varieties, such as plain old copper tubing for flash boilers 
and so on. Neither is the requirement for high pressure 
there. Higher pressures, of course, will increase the 
horsepower output per pound of engine, but it is not 
necessary to have pressures in excess of 150 psig. During 
Tesla's experiments with the turbine, he had machines that 
developed over 200 hp on less than 100 psig of steam. 
Incidentally, by compounding that 200 hp turbine to use all 
the heat of the steam, conservative engineering estimates 
were that the turbine would have a minimum output of 600 
horsepower. (Note that higher pressures also indicate 
superheated steam. ) 

Another advantage of this turbine is its silence. 

Since there is little deflection of fluid and no vane or 
bucket noise, virtually no noise is produced, even under 
heavy loads. Remember, noise is mechanical energy, and the 
more noise generated, the less energy there is to be 
converted to usable mechanical energy. Even with a gas 
turbine in the Tesla configuration, there is little noise. 

Another advantage is ease of construction. The turbine 
consists of nothing more than flat disks with exhaust/ intake 
holes in the centers, affixed to a shaft. Expensive molding 
or machining is unnecessary; the disks can easily be punched 
from sheet metal or sawed from sheet with a scroll saw, 
fixed to a shaft, and turned to match in a lathe, all at 
once. The jet, or nozzle, isn't critical either, and wear 
of the nozzle is not a problem, since (according to Tesla 
himself) the efficiency of the device is nearly unimpaired 
as the nozzle wears. What is affected by nozzle wear is the 
speed of rotation: as the nozzle wears and its cross- 
sectional area increases, the fluid speed decreases, in turn 
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decreasing the angular velocity, or rpm (tables are included 
in this booklet for velocity of air; this is under constant 
pressure, but most of the time, the compressor can't deliver 
enough air to maintain the pressure) . The lack of blades 
also decreases material requirements, since stresses are 
well equalized throughout the disks. With the great amounts 
of power this turbine is capable of, there may be some 
flexing of the disks, but nothing nearly as dramatic as the 
loss of blades from a standard turbine. 

A further advantage of this turbine is the fact that if 
a disk does rupture, the remains will be forced out the 
exhaust rather than explode through the case. Since the 
power is converted in an inward spiralling path, the pieces 
of a decomposed disk will be carried inward to the exhaust 
port and there expelled from the device. Perhaps the safest 
engine ever developed! 

No wonder the powers that be don't want this thing 
around! Tesla himself said of his turbine, from his 
autobiography, "It is a radical departure in the sense that 
its success would mean the abandonment of the antiquated 
types of prime movers on which billions of dollars have been 
spent. Under such circumstances the progress must needs be 
slow and perhaps the greatest impediment is encountered in 
the prejudicial opinions created in the minds of experts by 
organized opposition." Note the use of the term "organized 
opposition". This is at least as true now as it was when 
Tesla wrote it, in 1919. The examples of suppression are 
numerous if one simply digs around a bit. Enough said on 
that subject. 
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How It Works 


The Tesla turbine mainly uses the property of molecules 
to resist separation to develop its driving force. 
Illustration of this property is relatively simple: if you 
dip a sheet of metal into water, some of the water will 
remain on the metal. If you are driving in rain, the 
raindrops will tend to bead on the windshield. 

A simple experiment will prove out the workings of the 
Tesla turbine. I place this experiment here so that those 
having reservations about whether this machine will operate 
can perform the experiment and prove to themselves that it 
will work, then get on with the why's and how's (I certainly 
had reservations about the workings of it, as did most of 
the mechanical engineers I've spoken with about it). The 
materials required are simple and quite common: a variable 
speed hand drill, a sanding disk to fit the drill (without 
the sandpaper), and a container of water. 

This experiment should be done outdoors to avoid 
getting everything wet. Precautions should be taken to keep 
the drill motor dry so there is no danger of shock (best to 
use a cordless drill if possible) and to avoid any damage to 
the drill. If the precautions are followed, there will be 
no danger to either the drill or the operator. 

Wrap a plastic bag around the drill motor, punching a 
hole for the chuck. Put the chuck through, and use a rubber 
band to seal off the front vents of the drill from the 
chuck. The vents should be open to the back or open end of 
the bag to allow the drill to cool. Fit the sanding disk 
into the chuck and tighten. See Fig. 5. 



Place the container of water off the ground, on a block 
of wood. Immerse the disk part way into the water, as shown 
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in Fig. 5. Now gently start the drill motor. You'll notice 
that water is clinging to the disk and rotating with it. 

Now increase the speed some and see that more of the fluid 
is slinging out of the container. As you increase the speed 
of the drill motor, more and more of the water is spun out 
of the container. Also note that the amount of water that 
is carried by the sides of the disk grows as the speed 
increases . 

This is the way the Tesla turbine operates. Very 
simple, very elegant, very efficient. There are no little 
buckets, no blades and so on hooked to the sanding disk, yet 
water will be sprayed all over. The same thing occurs with 
tires when driving in the rain. 

All that's necessary now is to make the turbine into a 
reasonable and more efficient machine, something usable to 
make heat into mechanical energy, or something to use as a 
pump, which is what the sanding disk does, except that the 
sanding disk pumps the water everywhere. 

With respect to the power derived from a driven 
turbine, the amount of power produced is directly 
proportional to the total area of the disks, meaning that 
the greater the disk diameter, the more power can be 
produced. This also means that the greater the number of 
disks, the more power can be produced. Remember that with a 
larger diameter disk, there is substantial increase in 
centrifugal force. With larger disks, then, the RPM will be 
less; with smaller disks, RPM can be increased. 

The Tesla turbine will have characteristics which 
inherently limit its speed. When the turbine rotates fast 
enough for the centrifugal force pushing the fluid outwards 
equals the pressure of the input, it won't go any faster (no 
driving fluid can get in to supply more power). When used 
as a pump, there is virtually no limiting factor other than 
the materials used to construct the disks. 

The principles that act upon the rotational members 
(the disks) to provide the conversion of heat energy to 
rotary mechanical energy are simple principles of physics: 
first, the tendency of molecules to naturally be attracted 
to each other and resist separation; second, and 
substantially less known, the tendency of fluids to become 
more and more turbulent as the relative velocity of the 
fluid increases when contained within a structure such as a 
pipe, or in the case of the Tesla turbine, the disks. This 
second aspect is largely overlooked when the Tesla turbine 
is examined, yet is a very important aspect of the operation 
of the turbine. 
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Some physicists are beginning to consider thoroughly 
the oddly named branch known to some as the Chaos theory. 
This theory has been known to practical men for ages, and 
was known to Tesla, as shown in one of his statements: 
"Today's scientists have substituted mathematics for 
experiments, and they wander off through equation after 
equation, and eventually build a structure which has no 
relation to reality." This statement is certainly as true 
today as when it was made. While no engineer or scientist 
will state that mathematics cannot or should not be used 
(rather, math must be used), only those with blinders on 
will state that any possible condition can be stated 
mathematically such that al 1 possibilities are accounted for 
within a mathematical statement. Turbulent water flow can 
be taken as an example: no one can predict mathematically 
what will happen downstream from the introduction of 
turbulence in a pipe. What Chaos tells us (by experiment, 
incidentally) is that the higher the velocity of the flow of 
the fluid in a pipe, the smaller the effective transport 
area of the pipe; effectively, the harder one tries to push 
a fluid, whether air, water, or whatever flows, through a 
pipe, the smaller the effective diameter of the pipe. 

Virtually everyone who deals with fluid flow knows 
about this, whether by learning in a classroom or simply by 
word of mouth, experience, or whatever. To deliver 
compressed air, for example, the greater the airflow, the 
larger the pipe diameter must be. This is not wholly due to 
friction, as some would prefer to believe; it is partially 
and increasingly, as flow rate increases, due to turbulence. 
Unlike electron flow (electricity), this is due to the 
intrusion of turbulent areas farther and farther into the 
main fluid flow as the volume, and therefore the velocity, 
increases, assuming the pipe diameter remains the same. If 
Chaos were not true, we could simply continue to push more 
and more fluid through the same diameter pipe without much 
consideration of the turbulence. But Chaos is, and we must. 

What happens with the Tesla turbine is this same 
effect: as the relative velocity of the fluid increases, the 
effective distance between the disks of the turbine 
decreases. This partially accounts for the higher torque 
produced by the turbine at low mechanical speeds (lower 
RPMs): since the disk surfaces are turning slower and the 
velocity of the incoming fluid is the same, the velocity of 
the fluid relative to the disks is greater, creating 
increased turbulence, and in turn, decreasing the effective 
distance between plates (increasing the resistance to the 
flow). This causes the rotor to appear more like a solid 
plate to the fluid, so that the fluid has a greater tendency 
to impart its motion to the rotor. 
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fig. 6 A 

Figure 6A shows the small 
amount of turbulence when 
airflow between two plates 
is relatively slow. Note 
that the turbulence stays 
close to the walls. 


fig. 6B 

Figure 6B shows what happens 
when the airflow increases to 
higher relative velocities 
while contained within the 
two plates. Note the extension 
out into the airflow path. 


One item that must be noted is that in any heat engine, 
that which is converted is the heat. In a standard auto 
engine, the motive power is derived from heat when the fuel 
is burned within the cylinders. This is also true to some 
degree of compressed air motors. When the compressed air is 
allowed to expand within an air motor, heat is removed from 
the air, and converted into mechanical power. If you feel 
the exhaust from an air motor, you will notice that the air 
is cold (there is an absence of heat). The air motor has 
removed heat from that compressed air, besides utilizing the 
motive power of the compressed air (the heat generated in 
compressing the air is generally lost when the air cools; 
that heat loss is inefficiency) . Noting that the Stirling 
cycle engine is, besides being a heat engine, an air motor 
(the Stirling compresses air into a heating chamber), that 
same concept can be applied to any air motor. If the 
incoming air is heated, more power can be derived from the 
motor. This is also true of the Tesla turbine. If a Tesla 
pump and turbine are mounted on the same shaft with the 
compressor output fed to a heater, then to the turbine, the 
effect is the same as the Stirling engine. A difference to 
remember, however, is that the Tesla turbine is far more 
efficient in its operation (since the conversion is directly 
to rotary motion) than the Stirling, which has reciprocating 
parts . 

Note that this is virtually identical to the operation 
of a standard turbine, with the exception that the heater is 
outside the line of fluid flow. If fuel is burned within 
the diffuser, you have a gas turbine, with efficiency up 
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very high. The caution here is that temperatures must be 
kept within the operating temperatures of the materials used 
to construct the Tesla turbine. While it is less efficient 
to devise a steam operated power plant using the Tesla 
turbine (due to external heat losses), it is also much 
cheaper and easier, since the material requirements are 
substantially less: simple sheet metal disks of many 
different metals, including aluminum, can be used without 
regard to their ability to withstand high temperatures, so 
long as RPMs remain within the capability of the particular 
metal's tolerance. Some of Tesla's models were constructed 
from silver sheet, and silver is not particularly heat 
resistant. Coupled with the ability to convert the heat 
from wet steam, the possiblities are immense. 

With respect to compounding a steam engine, the 
compounding concept (for those not familiar with steam 
engines) is to use high pressure steam on one cylinder, then 
exhaust the partially used steam into a larger cylinder to 
convert more of the energy. Effectively, the engine then 
has two stages. In the early days, when steam technology 
was forefront, sometimes a third cylinder was added to 
convert even more heat. The expense of the third cylinder 
was very close to the economic threshold, however, and much 
of the time double compounding was as far as the designs 
were carried. In the case of steam cars during the early 
development of the automobile, few used compound engines, 
preferring to eliminate the excessive weight. Early steam 
engines were very heavy. Compounding makes the steam engine 
substantially more efficient, but does add a good deal of 
weight. Since the Tesla turbine is so very light in weight, 
even compared to modern engines, there is virtually no 
disadvantage in compounding; while the weight of the device 
increases by about three times, triple the power is 
developed. We're talking about a six hundred horsepower 
turbine with a weight of under one hundred pounds, excluding 
the boiler! 

One major difficulty of steam engines is that the 
greatest amount of heat is actually stored in the phase 
change, from water to steam. This heat is known as the 
latent heat of vaporization, and is actually far greater 
than the heat used by the engine to produce mechanical 
power. One of the main reasons that steam cars had 
difficulties maintaining high speeds was their inability to 
condense the steam as quickly as it was used when high 
speeds were maintained. Internal combustion cars have a 
similar problem, but the largest amont of excess heat goes 
out the exhaust pipe. With a steam car, the excess steam 
was blown off, drastically reducing the range of the 
vehicle, since a water supply had to be carried. Those 
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devices that are capable of condensing large quantities of 
steam are too bulky and heavy to be used in a small 
passenger vehicle. 

With the Tesla turbine, however, the situation exists 
that the turbine, when compounded, can utilize that latent 
heat of vaporization. Since the rotor will be undamaged by 
water droplets in the turbine, the steam can be utilized in 
the phase change area, allowing the water to be recovered 
inside the turbine, so that no condensing devices are 
necessary, except perhaps during the no rpm and low rpm/high 
torque situations. Then it might be necessary, depending on 
the application, to have a means of routing used steam 
through a condenser. Under normal circumstances, however, a 
vacuum pump is required to create the necessary vacuum on 
the exhaust of a Tesla turbine, rather than using the 
condenser to supply the vacuum. Tesla's own diagrams showed 
the vacuum pump rather than condensers. As previously 
stated, when those diagrams were placed in practice, the 
turbines recovered 950 BTU of an input of 1000 BTU (this was 
measured in BTU input vs. horsepower output). 

One must remember when dealing with engines that the 
heat is what is converted, not pressure. When that gasoline 
is burned in the cylinders of your car engine, the heat 
forces increased pressure of the air, and that pushes the 
piston down. In the steam turbine, the exhaust may well 
still be under some pressure: the intermediate pressure 
between the primary and secondary expansion (first and 
second turbine stages) was two psi. Yet, while his original 
single stage turbine had an output of two hundred 
horsepower, that horsepower increased to nearly six hundred 
when the compounding stage was used. It is feasible, then, 
with the Tesla turbine, to construct a single stage turbine 
that could convert almost all of the heat. This would 
require the correct sizing of the disks and number of disks 
with respect to the amount of heat input. Some 
experimentation would yield those numbers. 
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What Can The Tesla Turbine Do? 

Uses of this turbine are almost unlimited. Think of 
it! Take that piston engine out of the car, replace it with 
a steam turbine that requires no gearing (no transmission!) 
and has only one moving part, other than valving. How many 
miles could this go without maintenance on the engine? 

Except for the bearings, which should be big ball bearings 
or roller bearings, there' d be no engine maintenance at all. 
And Big Trucks can easily go over a million miles on wheel 
bearings bathed in oil! That alone, not even considering 
the efficiency of the turbine, is enough to outweigh any 
disadvantages. But there's a whole lot more. 

How about oil less air compressors that have no 
diaphragms to wear out? The use of oilless compressors for 
painting. Hookah diving and so forth is widespread. Once 
again, compressors tend to be more complex than the Tesla 
turbine, with some parts being prone to wear, such as the 
diaphragm. These must also have permanently lubricated 
bearings, since the air is usually drawn into the cylinder 
through the crankcase. With the Tesla turbine, the intake 
air won't even get close to the lubricant for the bearings, 
which would probably be grease anyway. With the proper 
number of plates and correct diameter, a highly efficient 
compressor can be constructed, with whatever volume is 
necessary. Again, the amount of air compressed is dependent 
on speed, diameter, and number of disks. Note also that the 
torque with which the air is compressed is partially 
dependent on the space between disks: the thinner the space, 
the greater the torque. Air compressors can also be 
compounded to increase the pressure; many air compressors 
now available have twin cylinders, one large and one small. 
The initial compression is done by the larger cylinder, the 
final compression by the smaller, so that the larger 
cylinder feeds the smaller. This same strategy can be used 
with the Tesla turbine, but with greater advantage. The 
setup is virtually identical to a compounded steam engine. 

I've mentioned car engines. How about small engines 
powered by propane or gasoline? Tiny turbines delivering 
great wads of horsepower per pound are possible, with 
turbine type materials. One such turbine I've seen data on 
was about one inch in diameter and slightly over two inches 
long, including a generator. This little device purportedly 
had an output of about 180 watts of electrical power (that's 
about a quarter of a horsepower!). Considering the size, 
that's quite a lot of power, regardless of the efficiency. 
This one had, all on the same shaft, a generator on one end, 
compressor in the middle, and turbine on the other end. 
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This is a very practical configuration, for the compressor 
and turbine. It's quite reasonable to build a lawn mower 
engine of this type that would be under ten or fifteen 
pounds, with an output of several horsepower (most lawnmower 
engines are 3 1/2 HP and weigh around 35 pounds). Propane 
would be ideal as a fuel, since no real carburetion is 
necessary, and speed regulation could easily be done with a 
valve of the same type as is used on a propane torch (the 
more propane burned, the more heat generated, the higher the 
speed) . Once again, however, one must be cautioned that the 
temperature must be controlled to be within the capability 
of the disk metal used (this will be examined further in 
construction techniques). 

Since this is applicable as a heat engine, why not use 
the exhaust directly from auto engines (as turbochargers do) 
to power such things as alternators and power steering? The 
exhaust contains plenty of wasted heat to power those 
things. Removing the load of electrical and power steering 
would make that much more available to drive the car, having 
the direct result of more power and the secondary result of 
better fuel economy. And since the Tesla turbine is as it 
is, it would also tend to quiet the system down, perhaps to 
the point of needing no muffler. 

Since internal combustion engines are used everywhere, 
the above concept could be used in any number of ways. The 
exhaust from gas engines is definitely hot, and why not use 
that wasted heat? With so simple a machine, the economics 
are quite reasonable. 

Why not attach a Tesla turbine directly to the output 
shaft of an existing gas engine and use it's own exhaust to 
provide a boost in power? Instead of having a standard A. 

I. R. pump, why not spin a Tesla compressor that injects the 
air into the exhaust ahead of the turbine, allowing the 
turbine to recover the wasted heat and burning the unburned 
fuel at the same time, converting that to mechanical power 
also? 


The Tesla pump will pump hot liquids without suffering 
cavitation. The Tesla pump could replace the water pump on 
a car easily, and could be powered by an electric motor: 
this combination would be substantially more efficient than 
the normal water pump. And, since the facilities exist on 
most modern cars, the thermostat could be removed and the 
pump turned on on demand, instead of running all the time. 
This would allow more power to be delivered to the running 
gear, again. 
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Seems that if these things were done to a car, and a 
shadetree mechanic like me could do them, then an increase 
of up to around 20 more deliverable horsepower could be 
obtained. It's something to think about. 

How about an air heater? Since air gets quite hot when 
it is compressed, why not run a Tesla turbine as an air 
compressor, route the air into a high pressure (tested to 
150 psi, say) radiator. Now blow air through the radiator 
into your house, garage, or whatever. That air will be 
quite warm: according to the air tables, with an initial 
temperature of 60 degrees F., if air is compressed 5 to 1 
(73.5 psia), the final temperature of the air is 369.4 
degrees F. With even a moderately efficient radiator, that 
could provide a lot of heat. Now, if we take that cooled 
compressed air and use it to spin a turbine whose output 
shaft is connected to the compressor, then whatever power 
the turbine produces is used to help run the compressor, 
removing some of the load from whatever engine or electric 
motor is driving the compressor. Be careful, though, 
because the air coming out of the turbine will be cold. In 
fact, according to the same tables, if compressed air at 80 
psig and 60 degrees F. is expanded against resistance (it's 
doing work, as in spinning a turbine), to atmospheric 
pressure at sea level, then the exhaust temperature will be 
-156 degrees F. , quite cold. It's feasible then, to call 
this arrangement a heat pump, and it could, depending on 
where the output air is taken from, be either a cooler (air 
conditioner?), or a heater, of relatively high efficiency. 
Think about that one, an air conditioner that doesn't use 
any of the CFCs everyone is so concerned over. Also, this 
item would be a very low maintenance device. If the 
compressor and turbine were directly coupled to the shaft of 
an induction motor, the bearings of the motor would be all 
that's required for bearings. What an interesting 
possibi 1 ity ! 
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How the Tesla Turbine Can be Built 


To make the turbine work as either a pump or turbine, a 
casing must be constructed around the disk. In the casing, 
there must be entry and exit holes, or ports. And the disk 
should have a hole in the middle. If a single disk were to 
be used, spokes from the shaft would be used, but the 
turbine is more efficient if more than one disk is used, 
with the end disk being solid and the other disks fastened 
to it with spacers between the disks, as shown below. This 
is the easiest method of constructing the moving parts of 
the turbine. Tesla used spokes on each of the disks. If a 
person has access to machinery to punch the spokes, that 
would also be a good method of constuction. Another method 
would be to simply drill large holes, leaving disk material 
for support, also shown below. With this method, some means 
of fastening the disks to the shaft is necessary. It's also 
a requirement that the disks have spacers between them. For 
ease of construction, the method using screws and spacers is 
best. It's simple to fix the solid disk (the end one with 
no hole in the center) to the shaft. If nothing else, a 
tight fitting hole can be drilled into the center of the 
solid disk and a good bolt used as the shaft. Remember, 
though, that these disks are going to spin, and must be 
reasonably well balanced and aligned. In examining the 
drawing below, another possibility exists: if the disks are 
fairly large and thin, the flexibility may well affect 
operation. In such a case, it's reasonable to put one set 
of bolts through the disks fairly close to the center, and 
another set through close to the perimeter of the disks. 

This would contribute greater stability and strength to the 
set, besides almost completely eliminating disk flex. When 
used as a turbine, each disk can produce tremendous power 
(comparatively), and the disks will flex. One of the 
engineering reports tendered on the Tesla turbine mentioned 
this; Tesla himself said of the report that the construction 
of that particular turbine was not as he wanted it, so this 
fault may well have been due to common practices in the 
turbine industry not applicable to the Tesla turbine. 

An illustration of the effectiveness of multiple disks 
is to examine a honey dipper: this kitchen tool is a wooden 
ball with grooves cut and a handle attached. When dipped in 
honey, the liquid tends to stay in the grooves. The action 
of the multiple disks is the same. While Tesla constructed 
some engines consisting of single disks, both the 
efficiency and the output power will increase dramatically 
with multiple disks. Each disk is capable of producing 
mechanical power; the power output increases in proportion 
to number of disks (the power output is directly 
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proportional to the disk area; therefore, as the number of 
disks increases, so does the output power. Remember, 
however, that to increase the output, one must also increase 
the input, so more steam, compressed air, or whatever must 
be used to produce the power). Tesla's experiments with a 9 
3/4 inch disk showed the single disk producing about five 
horsepower on approximately 90 psi of steam, with 100 
degrees F. of superheat. The output increased to ten when a 
second disk was added. More steam is, of course, required, 
since the steam is the delivery vehicle for the heat. The 
same is true when dealing with compressed air or heated air. 



Fig. 7 

Two ways to make the disks. That shown on the left is a 
sturdier and easier method. The disk on the right would 
suffer from flex of the spoke areas of the disk, and 
eventually would fail; the other method can use as many 
bolts as necessary to contain the power output from each 
disk . 


One point that must be emphasized: the higher the 
viscosity of the fluid, the greater the distance between 
disks may be; the lower the viscosity, the closer the disks 
must be. This implies that when driving the disks with a 
low viscosity gas (such as compressed air), the disks should 
be close together. Conversely, if the turbine is used as a 
water pump, the higher viscosity of water allows greater 
distance between disks. Tesla used approximately 1/32 inch 
separation for a steam driven turbine. For water, the 
separation can be 1/4 inch. Other fluids will require 
different spacing. If, for instance, 90W gear oil were to 
be pumped, the separation between disks would be greater 
than water. To be practical, the minimum will be 1/32 inch, 
unless you have access to a good machine shop. There is 
also some question as to when thinner spacing for gases 
becomes superfluous, no longer offers higher efficiency. 

That aspect has not been completely determined, to my 
knowledge. In my own experimentation, 1/32 inch works well. 
This also seems to have been the number that Tesla settled 
on. 
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The second of the turbines I constructed was a fan (or 
blower) for a fireplace grate. The motor was a standard 
three speed fan motor, junk I had laying around. The 
mounting disk (the one without the hole in the middle) was 
from aluminum, 3/16 inch thick; the actual disks were made 
from plain mahogany doorskin, 1/8 inch thick, cut with a jig 
saw, roughly in circles, bolted together as shown in Fig. 7. 
I used eight disks, 1/8 inch apart, 5 inches diameter, with 
a 2 inch center hole. (Forgive me for doing it the cheap 
and easy way; however, it did work, and it only took a 
couple of hours to make the whole thing.) 

Here's what I found with that configuration. First, it 
did in fact move air guite well, even though the disks 
didn't have optimal spacing. Aside from the balance, it 
worked at least as well as a standard cetrifugal blower 
(these were disks simply cut from plywood and hooked 
together; no attempt was made to balance them) . The housing 
needed to be modified from the normal, with a smaller output 
hole to get higher pressure. And, most interesting, the 
motor speed control no longer worked well. While the 
blower was moving at least as much air, the speed remained 
almost constant while changing the drive current; this 
implied that there was very small load on the motor. I then 
changed motors to one that delivers about 1/8 the power of 
the first, and the blower worked about the same; I'm quite 
certain that I could have replaced that smaller motor with 
an even smaller one and had the same results! Using the 
standard centrifugal blower required the first motor, and 
didn't deliver noticeably more air. Granted that this data 
is strictly observational, not measured by instrument, the 
result I observed was that by switching to the Tesla blower, 
I was able to do approximately the same air moving job with 
a motor that used 15 watts of power instead of a motor that 
used 170 watts. It is quite evident that the original motor 
somewhat overpowered the fan, but still there is a 
substantial energy savings. It could have been even greater 
had I constructed the disks from aluminum, made spacing a 
bit less, and balanced the thing more efficiently to use a 
higher speed motor, 3600 rpm instead of 1725 rpm. As stated 
previously, the higher the speed, the more air is moved: the 
same amount of air could have been moved with a smaller, 
less powerful, higher speed motor turning smaller disks. 
There would have been a substantial savings in both space 
and weight, also. The main thing to recognize is that space 
and weight can be saved by increasing the rpm of the device, 
while retaining the original capacity. Tables are given for 
velocity versus diameter and speed. In the tables, you'll 
find the diameter of the disks, the calculated circumference 
(distance around the circle), rpm, and the end velocity in 
feet per second of the perimeter. This velocity will 


24 



46 


approximately equal the air blown out, the water pumped out, 
or the minimum required velocity to maintain that rpm if 
using the turbine as a power producing device. 
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Step By Step 

The care that must be taken involves balance and speed 
limitation. The rotor should be well balanced to avoid 
vibration. The casing should be of material heavy enough or 
strong enough to withstand the pressures at which the 
turbine will be operated. The reason for this is that at 
the natural speed limitation of the turbine, the internal 
pressure on the walls of the case will egual the input 
pressure; so if the turbine is driven at 150 psig, the 
casing should be constructed to withstand 150 psig, not a 
terribly difficult task. Most steel pipe will suffice. 

A further consideration, as previously mentioned, is 
the distance between disks with respect to the viscosity of 
the fluid. For instance, air is far lower in viscosity than 
is water. If the Tesla turbine were being used as a pump, 
the disks would necessarily be closer together for air than 
for water (an air compressor is, in effect, a pump). So, to 
make an air compressor, more disks with smaller spaces 
between would be used, while a water pump would use thicker 
disks, fewer of them, with greater space between. This same 
is true for a turbine; a water turbine would have disks 
spaced farther apart than would a compressed air motor or 
steam turbine. Tesla used plates about the same thickness 
as the space between them for his steam turbines, 1/32 inch. 
While it is not required that this be the case, in the 
interest of compactness, keeping the plates thin does give a 
thinner turbine. Remember that the torque produced by the 
device (or used, in the case of a pump) must be transmitted 
by those disks, so they have to be capable of handling that 
torque . 

Enough material is within these pages to allow an 
individual with some mechanical skill and knowledge to 
construct Tesla turbines to his heart's content, large and 
small. The finer points of heat engine engineering can be 
found in most physics or mechanical engineering books, so 
I'll leave that stuff in the libraries. 

One final point in the design/construction of a Tesla 
turbine is to note that there is virtually no thrust 
involved in the turbine, except as the application demands, 
so the bearings used need not be constructed to contain 
large amounts of power. If the turbine were made as a pump, 
for example, driven with a belt or belts, the bearings must 
be sufficient to support belt tension, for instance. But as 
regards the turbine itself, bearing preloading and so forth 
are not necessary unless required by the bearing itself. 
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In the following pages there are plans for several 
applications of the Tesla turbine, among them an air motor 
(which can be used with steam or heated compressed air, if 
the materials are right), a water pump, and a heat pump. 
Other applications can be made simply by expanding or 
contracting the size of the disks, number of disks, space 
between, materials of construction and so on. Have fun, and 
find lots and lots of applications. The more people that 
know about it, the greater the possibilities of use, and it 
is about time we get efficient! 

One further note in the script part of this is that 
applications can be as diverse as necessary. Let your 
imagination be your guide, rather than attempting to justify 
everything by way of physics. While physics will play a 
large part of the design, try to avoid letting physics be a 
limiting factor. Too many mechanical engineers have said 
this thing won't work, but it does, and how! Remember, by 
mathematics one can prove a bumblebee cannot fly, and a two- 
stroke engine won't work, among other things. Empirically, 
we know those to be fact; it's also a fact that the Tesla 
turbine works, and very well, at that. 

Don't be terribly concerned about tolerances. The only 
tolerance that must be close is the bearing tolerance. It's 
not necessary to have the housing fit in close proximity to 
the disks. It's not necessary to have the disks exactly so 
far apart. If things are a little off, it's not a big 
thing. Just make sure that the materials used can handle 
the speed it's to be run, and that the disks are balanced 
well enough so they don't cause a lot of vibration. 

Aluminum sheet can be used in most cases; it's not terribly 
expensive and it's easy to work with. Aircraft quality 
hardened aluminum works well and is stiff and strong. Steam 
turbines and air compressors and motors can be made with it. 
Gas turbines, due to the higher temperatures, must use 
steel . 

Remember, it's a simple device: it's not necessary to 
get too elaborate. 

Now, let's get on with it! 
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MAKING THE DISKS 



First, obtain the sheet metal you need. This is 
dependent on the type of fluid you are using: if air or hot 
gas such as steam is used, sheet should be fairly thin, 
about 22 guage (0.0313 inch, about 1/32). Keep in mind that 
the spacing of the disks will be about the same. If a water 
pump is being built, or a water turbine, use sheet about 12 
guage, or 1/10 inch thick. This is necessary to absorb the 
extra stress of the heavier fluid. The thickness of the 
turbine will determine the number of disks: if air is the 
fluid, and you want the turbine to be 1 inch thick with the 
spacing 1/32 inch, you'll need half that in disks, or 16 
disks. For this, we'll assume a three inch diameter, one 
half inch thick, so there will be eight disks. 

While you're getting the sheet metal, get two pieces of 
steel sheet large enough to fit the disk size. These pieces 
need to be thicker and stronger than the individual disks 
since the entire torque and horsepower will be transmitted 
through one of them to the shaft. The other will carry 
countersunk holes. In the following example, the steel 
disks should be 1/8 inch thick, minimum. 

Next, determine the size of rotor you need (or want). 
This example uses a three inch diameter disk. Size is not 
important, except for determining the amount of output you 
need. Cut squares of sheet large enough to fit the disk 
size inside the square. Find the center of the square by 
diagonal lines scribed corner to corner, as illustrated. 
Scribe perpendicular lines across and vertical to the sides, 
halfway down and across the square, as shown. The lines 
should all cross in the center of the square. 


Center punch the point where the lines cross. This is 
the center of the disk. Now we'll determine the size of the 
center hole. First, how big is the disk going to be? 

Divide that number by three, and that's the size of the 
center hole; simple, huh? Since we're making a disk three 
inches in diameter, the center hole will be 1 inch in 
diameter. A little larger or smaller won't make any real 
difference, so don't be too critical. Now, set a compass to 
half that (using the 1 inch figure, set the compass to 1/2 
inch) and scribe a circle using the center point. This is 
the intake or exhaust hole. Do NOT scribe this circle on 
one of the thick steel plates. One of the thick plates 
needs the hole, the other does not. 

Now we'll determine where the support holes will be. 

For the same three inch disk, using air as the fluid, we'll 
put in four support bolts, 3/16 inch diameter. Set the 
compass another half inch out, to 1 inch, and scribe another 
circle on the plate. This diameter is not critical at all. 
Now, set the compass to the radius of the disk minus 1/8" 
for clearance (2 7/8 inches divided by 2, or 1 7/16 inches), 
and scribe another circle. 

The support bolt holes will be drilled where the middle 
circle meets the diagonals and perpendiculars, as shown. 
Don't drill these holes in the steel plate that has no 
center hole! (That steel plate will have the same holes, 
but those must be threaded.) It's important that these 
holes are all the same and the edges are well dressed; I 
clamped all the disk plates together and bored all the 
support holes at the same time, to insure that they were 
properly aligned. The clamps can be fastened on the corners 
of the sheet, just make sure you keep two clamps on at all 
times. Center punch the places where the holes will be 
drilled, clamp all the sheets together, and do the drilling. 
Best to use a drill press for this. If you don't have a 
drill press, drill the plates one at a time using a hand 
drill. The holes should be 3/16 inch diameter. You should 
now have plates having four holes arranged in a circle 
around the center point. 



Now do the steel plate. Bore the holes using a drill 
bit of the correct size for the tap you'll use. The drill 
size will be printed on the tap package; make sure the 
screws and tap are the same threads, for instance; 3/16"x24. 
Drill a hole in the center of the disk to fit the machine 
screw that is the main shaft, then cut the disk out of the 
sheet. This plate is the main support for the rest of the 
disks, and transmits the power from the disks to the shaft. 
It should look like this: 



Now cut the center hole and the outside of the other 
disks. Those disks should look like this: 



You should now have a bunch of disks with big holes in 
their centers and one disk, a steel one, with a smaller hole 
in the center; each disk should have four holes for support 
bolts. If you've made larger disks, you should put in eight 
support bolts. If you've made a much larger disk, a second 
ring of support bolts should be put in, between the middle 
and the outside edge. For water pumps, since the metal will 
be thicker and there will be fewer disks, the single ring of 
support bolts will be adequate. 



The last thing to do is to countersink the four holes 
in the steel plate that has the large hole in the center. 
The 3/16" bolts must be flush with the surface of this 
plate . 
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BEARING HOUSING 



1 - machine screw 4 - shaft spacers 

2 - rotor end disk 5 - roller bearings 

3 - housing end plate 6 - nut and washer 

Above is the inside assembly for the bearings and 

shaft. The shaft is any good quality machine bolt; for the 
3 inch disks, use a 3/8" bolt. Spacers can be machined 
shaft spacers or common pipe cut to length, but the ends 
must be square. The rotor end disk (2) is welded or brazed 
to the screw. 


10 10 
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7 - pipe spacers 9 - pipe cap with hole 

8 - outside pipe 10 - bearings go here 

Above is the bearing housing assembly. This can be 
made from plain iron pipe. The spacers (7) should fit 
inside the outside pipe: these spacers need not be snug. 

The pipe cap has a hole drilled into its end large enough to 
allow the shaft to spin freely. The housing end plate (3) 
is welded or brazed to the outside pipe (8): This should be 
well centered. 

The function of all these spacers is to trap the inside 
bearing race to the shaft (the shaft spacers and nut) and 
the outside bearing races to the housing (the pipe spacers 
and the pipe cap. The spacer nearest the cap should extend 



far enough out of the outside pipe so that when the pipe cap 
is tightened, the cap will contact the spacer and put 
pressure on the outside races of the bearings. This will 
keep the bearing races from turning. 

The shaft spacers and nut keep the inside bearing races 
from turning. This way, the ball bearing is forced to do 
its job of providing a nearly friction free bearing surface. 


THE MAIN SHAFT AND SUPPORT ROTOR MOUNTING 




Since this is done using three inch diameter disks, we 
need a shaft about 3/8" diameter. Shaft size is important 
only in that it must be large enough to handle the output 
(or input) power. 

The support disk is mounted on the shaft as 
illustrated. The screw head should be flat on the contact 
surface (that's why a good quality screw is specified), so 
when the disk is welded to the screw, the disk will run 
true. If there is doubt, the screw should be chucked in a 
lathe and the head surfaced as shown below. 

THIS SURFACE MUST 



Once the disk is fixed to the shaft as shown, slip the 
shaft and disk assembly into some bearings (holes of shaft 
size drilled into 2X4 wood will do; support isn't 
critical), and check to see that the disk doesn't wobble on 
the shaft. 

When the disk is properly mounted, with no runout 
(wobble), the disk can be welded or brazed to the shaft. 
This is required in this configuration. Welding is 



recommended over brazing because of the strength of the 
joint . 

This is just about the easiest way of fixing these 
together. However, just about any other way will do, so 
long as the disk rotates without runout and is solidly fixed 
to the shaft. Remember, there can be a lot of power here, 
concentrated right at this joint. 



Now the rest of the disks can be bolted to the support 
disk, and the rotor will be complete. The disks are bolted 
on as shown above, with washers between the disks. The 
thick steel plate with the large center hole goes on the 
outside. The thickness of the washers determines the 
distance between the disks. So, if air is the fluid, these 
washers should be about 22 guage thickness (1/32"). For 
water, 3/16 to 1/4 inch is good. I found it easiest to 
insert the screws into the first plate, put the washers on, 
put the next disk on, put more washers on, and so on, till 
all the disks are on the screws. Then I put that whole 
thing onto the support disk, being careful not to lose any 
of the outside washers. 

The screws can be tightened now. As assurance, I used 
good LokTite to be sure the screws don't back out. Any good 
glue will keep the screws in, or the screws can be set by 
riveting (tapping the ends with a ball peen hammer or a 
center punch). If there is real concern, the screws could 
even be brazed. 

Once the screws are in and set, cut them off smooth 
with the support disk. There shouldn't be any ridges 
sticking out. 

This is the rotor. 



MAKING THE HOUSING 


The housing consists of two end plates and a bit of 
pipe. The end plates are made from sheet steel bent at a 90 
degree angle, or a straight sheet welded or brazed to 
another straight sheet. The sheet should be 1/8" to 3/16" 
thick for our 3 inch rotor. 

One sheet, the plate holding the bearings, is made as 
shown below. The hole should be large enough to allow the 
shaft spacer to go through without touching, but should not 
allow the pipe spacer to slip through. 


o 


This plate should be about 5" X 7". The bend will be 
made so the flat part with the hole will be 5" X 5". This 
allows the circumference housing that goes around the disks 
room to be pinch bolted in. Corners of the plate can be 
rounded . 

The other end plate can be made the same way, except 
with a larger hole. The hole should be as large as the 
holes in the centers of the disks. This hole is the exhaust 
hole (or the intake, if the turbine is used as a pump). 


o 


After cutting and bending the plates, the iron pipe 
that carries the bearings must be welded or brazed to the 
end plate with the small hole: 


Mounting holes can be drilled in the bottom part of the 
plates to mount the turbine. Size and spacing is determined 
by where you'll mount the turbine. 
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When the bearing plate is completed, install the 
bearings and rotor. In doing this, the spacers next to the 
rotor and bearing plate should be cut so that the rotor will 
run about 1 / 16 " from the plate. 

It's important that the spacing here is correct. The 
smaller the space between the rotor and the housing, the 
less will be the tendency of drive fluid to go through. 

Once the turbine is spinning, the problem will take care of 
itself, but at a dead stop, there will be some tendency for 
the fluid to try to escape through this space. See 
illustration. 



CUT THE SHAFT SPACER AND PIPE SPACER 

WO WHATEVER SIZE IS REQUIRED TO GIVE 
A CLEARANCE OF 1/16" BETWEEN THE ROTOR 
AND THE MOUNTING PLATE. 

THE ROTOR SHOULD NOT TOUCH THE PLATE 

WHEN IT SPINS. 


CLEARANCE SHOULD BE ABOUT 1/16" 



MAKING THE HOUSING CENTER 


Assemble the rotor and bearing support plate as shown 
below. It's important to have the bearings trapped properly 
and without side thrust, so the pipe spacers and shaft 
spacers should be cut exactly the same size. This should 
already be done. 



The housing center is cut from iron or steel pipe, in 
our case, three inches inside diameter. THE ROTOR MUST FIT 
WITHIN THIS PIPE WITH CLEARANCE! The amount of the 
clearance is not terribly important; however, you should try 
to get the clearance as small as possible, to within 1/16" 
or so. If you can't do that, don't worry too much about it; 
the turbine will still operate with a larger clearance 
without much loss. If the disks were cut to 2 7/8", and you 
have a 3" pipe, the clearance should be 1/16". 




This next part is critical. The pipe should be cut so 
there is about 1 / 16 " clearance on both ends of the rotor, 
between the rotor and the end plates. Clearance on the 
bearing end should already be taken care of, but the other 
end must have about the same clearance. Below is the way it 
should fit together. DON'T FASTEN IT TOGETHER YET! 




Next, the nozzle must be made. Use a short piece of 
3/8" pipe for the three inch disk model. Cut the pipe as 
shown below. Then use a grinding wheel to put a curve in 
the pipe so it fits just about exactly on the curve of the 
housing center. 




Now cut a slot in the housing center as shown below. 
This slot need not be perfect in shape. In fact, if holes 
were drilled close together or slightly overlapping, this 
would be adequate. Note that the slot (or holes) should be 
drilled in at as close to a tangent as possible: you can 
drill straight in, then gently angle the drill and let the 
side cutting surfaces of the bit carve out the hole. The 
most important thing is to get as great an angle on the slot 
or holes as possible. 

Don't take the holes out all the way to the edge of the 
housing center. The housing center will be slightly more 
than 1/2" wide (exact width depends on materials used); make 
the slot approximately 3/8" wide and 3/16" high. 



Now fasten the pipe onto the housing center; it should 
be welded or brazed on. 

When air is blown into the pipe, the air should tend to 
follow a circular motion around th inside of the housing 
center. This is the motion that will be imparted to the 
rotor . 

Now the whole thing can be assembled. Place the 
housing center on the bearing plate so the rotor is 
centered. To make things easy, the housing center can be 
brazed or welded into position, or, if you prefer, you can 
use epoxy to hold it. Once this is done, put the outside 
end plate over the housing center so the mount is flat. 

Clamp this all together and drill a ring of holes around the 
outside of the center, so: 



Now put some bolts through the holes and tighten. The 
turbine is done. Connect air to the nozzle pipe, turn it 
on, and the thing will spin. 

A NOTE ABOUT CONSTRUCTION 

While there are a number of places that welding or 
brazing is used, it's possible to use epoxy cement. The 
only question is with the temperature. If this little test 
turbine is going to be used with unheated air, the glue can 
be substituted for welding. If there is to be heat applied, 
weld or braze is required. The joints must be strong and 
capable of withstanding any heat used. 
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THE WATER PUMP 

Construction of a water pump is almost identical to the 
air motor previously described, so those same directions can 
be followed, with the following differences. 

DISKS: the disks should be thicker material. Aluminum 
is good for water pump use, and 1/8" thickness is perfectly 
adequate. The end disks should be stronger, once again, 
than the middle plates. If aluminum is used for the disk 
support plate, a center shaft brace will need to be welded 
to the plate, and the shaft secured to the brace. This 
brace can be an aluminum collar. 

DISK SPACING: the spacing of the disks is greater than 
with a less viscous fluid. You can use spacing of up to a 
quarter of an inch. A spacing of 3/16" works very well. 

ROTOR: if the rotor is to be installed on a regular 
engine such as a Briggs & Stratton or Honda, some of these 
engines have a threaded shaft end. The support disk brace 
can be threaded to fit the shaft end and the disk assembly 
mounted directly on the engine output shaft. The mounting 
of the housing must necessarily be left to the individual, 
since each engine will be different in its construction. If 
an engine was originally intended for use as a pump prime 
mover, there will be some form of mounting holes in the 
engine block. These holes should be used to mount the 
housing. If the threaded shaft is used to mount the disks, 
there is no need for bearings. 

DIFFUSER: The diffuser should be well tapered from the 
output hole of the pump housing to the hose size. For 
instance, if a pump using a 1 1/2" hose were built, the 
rotor thickness would be about 1 1/4", total. The between 
disk area is somewhat smaller. The exit hole for the 
diffuser would be no more than 3/4" square, expanding out to 
a 1 1/2 inch circle to fit the hose. This expansion 
decreases the water velocity to something reasonable, and 
increases the pressure. Remember that the faster the disks 
are driven, the more water is pumped. The may be a 
practical limit to this, but what that limit is is not 
known, other than the strength of the disks themselves. 

I've run six inch disks at 3600 rpm with never a problem. 

INTAKE: in the case of a pump, the center hole on the 
end plate is the intake, and an intake pipe or hose must be 
fastened on. A short piece of pipe, the approximate 
diameter of the intake hole, can be welded to the end plate. 
The intake hose can then be clamped to the pipe. There is 
no need to screen the intake, since it's almost impossible 
to damage the rotor. If the intake is to be laying on the 
bottom of a puddle, you may want to screen so rocks can't 
get in and plug things up, but sand or plant materials or 
dirt won't harm the pump. 



SELF-PRIMING: a priming box is installed on the end 
plate of the pump, with a filler cap and an intake pipe. 



Once the priming box is filled, the pump will hold a prime. 
If you live in a climate where freezing weather is common, 
you may want to install a drain plug on the bottom of the 
prime box. You can then empty the pump by draining the 
priming box and running the pump dry till most of the water 
is out. The intake tube can be quite long; with the priming 
box, this pump will lift many feet. 

If necessary, a seal can be installed on the shaft. 

Once again, the type of seal is left to the individual. A 
simple cotton rope packing can be placed around the shaft; 
this method is effective, inexpensive, and has been used for 
many years by manufacturers of pumps and engines of most 
types . 
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GENERAL THEORIES 


The turbine presented can be used as an air motor or 
steam engine. Conversely, if the same turbine is driven, it 
is an air compressor. If the water pump is driven, it pumps 
water; if high head water is introduced into the diffuser, 
the diffuser becomes a jet and the turbine becomes a water 
turbine. 

On the same shaft, fixing a turbine to each end, but 
with the diffusers pointed in opposite directions, one is an 
air compressor, the other is the power producing turbine. 

If the air from the compressor is routed through a heater of 
any type, the added heat will run the turbine and produce 
enough power to spin the compressor. If a great deal of 
heat is added, the turbine will produce excess power usable 
for whatever purpose. The heat added can be from a burner, 
from a solar reflector, or fuel can be injected into the air 
stream and burned. In the last case, the turbine becomes a 
gas turbine and is capable of producing great power. In the 
other cases, the amount of power is dependent upon the 
amount of heat added to the compressed air. 





The method of heating the air is entirely dependent on 
application. It's impossible to give specific direction 
simply because of the enormous number of ways to do this. 

If you have some specific application in mind, feel 
free to write me describing your application. I'll be happy 
to compile whatever information I have and send it to you. 

In any given application, there may be a hundred different 
ways to do it. 

If pumping is what you intend, keep in mind that almost 
anything that can flow can be pumped. It's just a matter of 
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determining the spacing between the disks and the speeds 
necessary to do the job. 

The amount of material pumped, whether water or dust or 
slime or air, is determined by the diameter of the rotor and 
the speed of the rotor. Charts are given containing the 
peripheral speed of the rotor for various diameters and 
speeds. Also, there is a chart for the speed of escaping 
air at various pressures. Note that the difference in 
orifice size is not crucial to the air speed, but does 
affect the amount of air ejected. The power of the turbine 
is proportional to the power input, so more power would be 
produced by the larger orifice, all else being equal. 

Air pressure from a compressor is determined by the 
same functions. Higher rpm, larger diameter make for higher 
air pressure. The capacity to produce larger amounts of 
compressed air is unique: the production is limited by the 
speed and diameter of the rotor, not by pistons and 
connecting rods and so on. Higher pressure may be obtained 
by compounding the rotors, just as the compound steam 
engine. In that case, the larger turbine is the first stage 
compressor, and the smaller turbine is the second, or high 
pressure, compressor. Remember that when compressing air, 
the higher the pressure, the higher the temperature of the 
air. 



THE STEAM TURBINE 


The steam turbine is identical to the air turbine. You 
can see the versatility of the Tesla turbine. So, 
construction of the steam version is exactly the same as the 
air version. If you made the air turbine, you have the 
steam turbine. All that's left is to build the boiler. 

Best is the flash boiler. A simple, inefficient can 
boiler can be made easily, for test purposes: 



The steam feed is connected to the turbine jet. The 
can may be any metal container capable of holding pressure. 
The burner can be just about anything that will flame. This 
type of boiler is terribly inefficient, but is presented for 
test purposes. This type of boiler requires a long time to 
generate steam. 

The flash boiler is more complex and more expensive, 
but the speed of steam generation and its efficiency are 
much better. Simply, tubing is coiled, placed over a 
burner, and water is pumped into one end of the tubing. The 
other end of the tubing emits steam. 
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When the whole thing is put together, schematically it 
looks like this: 


WATER TANK BOILER TURBINE 



ACCUMULATOR 


Turbine speed is controlled by the amount of water 
injected into the flash boiler. So, the more water that's 
pumped into the boiler, the more steam it generates, the 
faster the turbine spins and the greater its power. 






COMPOUNDING 

Compounding a steam engine simply means taking the 
exhaust, which is only partially used in most cases, and 
routing the steam into another larger engine fixed to the 
same shaft. In the Tesla turbine, the second stage is about 
three times the thickness of the first stage. This allows 
the steam to go through a much greater area of production, 
and almost all of the motive power is removed. The second 
stage is built just like the first, except three times 
thicker. Steam exhausted from the first stage is at a 
fairly low pressure, but there is still a good deal of heat 
remaining in it (latent heat of vaporization). Most of this 
heat is removed in the low pressure second stage. 

Horsepower can be as much as three times greater by 
compounding . 


STEAM 

INPUT 


SECOND JET 



STAGE 1 
TURBINE 


STAGE 2 
TURBINE 
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PRESSURE - VELOCITY - VOLUME TABLE 

This chart shows the velocity of air escaping from an orifice and the volume of air from various sizes of orifice. 
The velocity of escaping air will not change provided the pressure remains the same. This data is calculated 
using formulae from the paper "Compressed Air" by Theodore Simon, professor, Montana School of Mines. 
The main formula: Velocity = 668 X square root of ( guage pressure / guage pressure + 14.7) 


PRESSURE 

VELOCITY 

ORIFICE 

VOLUME 

ORIFICE 

VOLUME 

ORIFICE 

VOLUME 

PSIG 

FPS 

AREA 

CFM 

AREA 

CFM 

AREA 

CFM 

10 

425 04 

0.5 

148.81 

0.375 

111.61 

0.25 

74.41 

15 

474.73 

0.5 

199 86 

0.375 

149.89 

0.25 

99 93 

20 

507.14 

0.5 

249 44 

0.375 

187.08 

0.25 

124.72 

25 

530.09 

0.5 

298 3 

0.375 

223.73 

0.25 

149.15 

30 

547.25 

0.5 

346 74 

0.375 

260.06 

0.25 

173.37 

35 

560.57 

0.5 

394 92 

0.375 

296.19 

0.25 

197.46 

40 

571.23 

0.5 

442.91 

0.375 

332.18 

0.25 

221.46 

45 

579.96 

0.5 

490.78 

0.375 

368.08 

0.25 

245 39 

50 

587.23 

0.5 

538.55 

0.375 

403.92 

025 

269.28 

55 

593.39 

0.5 

586 26 

0.375 

439.7 

0.25 

293.13 

60 

598 68 

0.5 

633.91 

0.375 

475.43 

0.25 

316.96 

65 

603.26 

0.5 

681.52 

0.375 

511.14 

0.25 

340.76 

70 

607.27 

05 

729.09 

0.375 

546.82 

0.25 

364.55 

75 

610.82 

0.5 

77664 

0.375 

582.48 

0.25 

388.32 

80 

613.97 

0.5 

824.16 

0.375 

618.12 

0.25 

412.08 

85 

616.79 

0.5 

871 67 

0.375 

653.75 

0.25 

435.83 

90 

619.33 

0.5 

919.15 

0.375 

689.36 

0.25 

459.58 

95 

621.63 

05 

966 62 

0.375 

724.97 

0.25 

483.31 

100 

623.73 

0.5 

1014.09 

0.375 

760.56 

0.25 

507.04 

105 

625 64 

0.5 

1061.54 

0.375 

796.15 

0.25 

530.77 

110 

627.39 

0.5 

1108.98 

0.375 

831.73 

0.25 

554.49 

115 

629.01 

05 

1156.41 

0.375 

867.31 

0.25 

578.2 

120 

630.5 

0.5 

1203.84 

0.375 

902.88 

0.25 

601.92 

125 

631.88 

0.5 

1251.26 

0.375 

938.44 

0.25 

625.63 

130 

633.16 

0 5 

1298.67 

0.375 

974 

0.25 

649.33 

135 

634 36 

0.5 

1346.08 

0.375 

1009.56 

0.25 

673.04 

140 

635.47 

0.5 

1393.48 

0.375 

1045.11 

0.25 

696.74 

145 

636.51 

0.5 

1440.88 

0.375 

1080.66 

0.25 

720.44 

150 

637.49 

0.5 

1488.28 

0.375 

1116.21 

0.25 

744.14 

155 

63841 

0.5 

1535.68 

0.375 

1151.76 

025 

767.84 

160 

639.28 

0.5 

1583.07 

0.375 

1187.3 

0.25 

791.53 

165 

640.09 

0.5 

1630.45 

0 375 

1222.84 

0.25 

815.23 

170 

640.87 

0.5 

1677.84 

0.375 

1258.38 

0.25 

838.92 

175 

641 6 

0.5 

1725.22 

0.375 

1293.92 

0.25 

862.61 

180 

642.29 

0.5 

1772.6 

0.375 

1329.45 

025 

886.3 

185 

642.94 

0.5 

1819.98 

0.375 

1364.99 

0.25 

909.99 

190 

643.57 

0.5 

1867.36 

0.375 

1400.52 

0.25 

933.68 

195 

644.16 

0.5 

1914.74 

0.375 

1436.05 

0.25 

957.37 

200 

644.73 

0.5 

1962.11 

0.375 

1471.58 

0.25 

981.06 

210 

645 78 

0.5 

2056.86 

0.375 

1542.64 

0.25 

1028.43 

220 

646 74 

0.5 

2151.6 

0.375 

1613.7 

0.25 

1075.8 

230 

647 62 

0.5 

2246.33 

0.375 

1684.75 

0.25 

1123.16 

240 

648 44 

0.5 

2341 .06 

0.375 

1755.8 

0.25 

1170.53 

250 

649.19 

0.5 

2435.79 

0.375 

1826.84 

0.25 

1217.89 

275 

650 83 

0.5 

2672.6 

0.375 

2004.45 

0.25 

1336.3 

300 

652 21 

0.5 

2909.39 

0 375 

2182.04 

0.25 

1454.69 
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APPENDIX I 

PERIPHERAL VELOCITY TABLE. 

This table gives calculated values for edge speed V for 
various sizes of disks. The means by which this is 
calculated is to find the distance around the outside of the 
disk, then multiply this number by revolutions per second. 
RPS is the RPM divided by 60. Outside distance D 
(perimeter) is diameter d multiplied by pi, or 2 times the 
radius times pi; that number is divided by 12 to find 
perimeter in feet. We either take it in steps, so 

RPS = RPM / 60 

for example, for 6000 RPM: RPS = 6000/60 = 100 

and 

D = pi x d 

for example, a 6 inch disk: D = 3.14159 x 6 = 18.85 
inches 

which is 18.85 / 12 = 1.57 feet 


so if 


V = D x RPS, then for the above example 

V = 1.57 x 100 = 157 feet per second, final velocity. 
Doing all of it in one shot: 

V = (RPM / 60) x (pi x d / 12). 

For the example, then 

V = (6000 / 60) x (3.14159 x 6 / 12) = 157 FPS 


The table gives calculated velocities for three inch to 
12 inch disks at speeds from 1000 RPM to 6000 RPM. These 
values are rounded off to two decimal places. 
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PERIPHERAL SPEED - DISK DIAMETER TABLE 

In the following table, diam is the diameter in inches of the disks of the turbine. The columns labelled circumf are 
the circumference, or distance around the outside of the disks. RPM is revolutions per minute. Velocity is the 
calculated speed in feet per second of the outside of the disks. This relates directly to the table of compressed 
air velocities expelled from an orifice. See related text. 


DIAM 

INCHES 

CIRCUMF 

INCHES 

RPM 

VELOCITY 

DIAM 

INCHES 

CIRCUMF 

INCHES 

RPM 

VELOCITY 

3 

942 

6000 

78.5 

FPS 

3 

9.42 

3000 

39.25 

FPS 

4 

12.57 

6000 

104.75 

FPS 

4 

12.57 

3000 

52.38 

FPS 

5 

15.71 

6000 

130.92 

FPS 

5 

15.71 

3000 

65.46 

FPS 

6 

18 85 

6000 

157.08 

FPS 

6 

18.85 

3000 

78.54 

FPS 

7 

21 99 

6000 

183.25 

FPS 

7 

21.99 

3000 

91 62 

FPS 

8 

25.13 

6000 

20942 

FPS 

8 

25.13 

3000 

104.71 

FPS 

9 

28.27 

6000 

235.58 

FPS 

9 

28.27 

3000 

117.79 

FPS 

10 

31.42 

6000 

261.83 

FPS 

10 

31.42 

3000 

130.92 

FPS 

11 

34.56 

6000 

288 

FPS 

11 

34.56 

3000 

144 

FPS 

12 

37.7 

6000 

314.17 

FPS 

12 

37.7 

3000 

157.08 

FPS 


3 

9.42 

5000 

65.42 

FPS 

3 

9.42 

2000 

26.17 

FPS 

4 

12.57 

5000 

87.29 

FPS 

4 

12.57 

2000 

34.92 

FPS 

5 

15.71 

5000 

109.1 

FPS 

5 

15.71 

2000 

43.64 

FPS 

6 

18 85 

5000 

130.9 

FPS 

6 

18.85 

2000 

52.36 

FPS 

7 

21.99 

5000 

152.71 

FPS 

7 

21.99 

2000 

61.08 

FPS 

8 

25.13 

5000 

174.51 

FPS 

8 

25.13 

2000 

69.81 

FPS 

9 

28.27 

5000 

196.32 

FPS 

9 

28.27 

2000 

78.53 

FPS 

10 

31.42 

5000 

218.19 

FPS 

10 

31.42 

2000 

87.28 

FPS 

11 

34.56 

5000 

240 

FPS 

11 

34.56 

2000 

96 

FPS 

12 

37.7 

5000 

261.81 

FPS 

12 

37.7 

2000 

104.72 

FPS 


3 

9.42 

4000 

52.33 

FPS 

3 

9.42 

1000 

13.08 

FPS 

4 

12 57 

4000 

69.83 

FPS 

4 

12.57 

1000 

17.46 

FPS 

5 

15.71 

4000 

87.28 

FPS 

5 

15.71 

1000 

21.82 

FPS 

6 

18.85 

4000 

104,72 

FPS 

6 

18.85 

1000 

26.18 

FPS 

7 

21.99 

4000 

122.17 

FPS 

7 

21.99 

1000 

30.54 

FPS 

8 

25.13 

4000 

139.61 

FPS 

8 

25.13 

1000 

34.9 

FPS 

9 

28.27 

4000 

157.06 

FPS 

9 

28.27 

1000 

39.26 

FPS 

10 

31.42 

4000 

174.56 

FPS 

10 

31.42 

1000 

43.64 

FPS 

11 

34 56 

4000 

192 

FPS 

11 

34.56 

1000 

48 

FPS 

12 

37 7 

4000 

209.44 

FPS 

12 

37.7 

1000 

52.36 

FPS 
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To all whom it may concern: 

Be it known that I, Nikola Tesla, a citizen 
of the United States, residing at New York, 
in the connty and State of New York, have in- 
5 vented certain new and useful Improvements 
in Reciprocating Engines, of which the fol- 
lowing is a specification, reference being had 
to the drawing accompanying and forming a 
part of the same. 

io In the invention which forms the subject of 
my present application, iny object has been, 
primarily to provide an engine, which under 
the influence of an applied force such as the 
elastic tension of steam or gas under pressure 
15 will yield an oscillatory movement which, 
within very wide limits, will be of constant 
period, irrespective of variations of load, fric- 
tional losses and other factors which in all 
ordinary engines produce change in the rate 
20 of reciprocation. 

The further objects of the invention are to 
provide a mechanism, capable of converting 
the energy of steam or gas under pressure 
into mechanical power more economically 
25 than the forms of engine heretofore used, 
chiefly by overcoming the losses which result 
in these by the combination with rotating 
parts possessing great inertia of a reciprocat- 
ing system; which also, is better adapted for 
30 use at higher temperatures and pressures, and 
which is capable of useful and practical ap- 
plication to general industrial purposes, par- 
ticularly in small units. 

The invention is based upon certain well 
35 known mechanical principles a statement of 
which will assist in a better understanding 
of the nature and purposes of the objects 
sought and results obtained. Heretofore, 
where the pressure of steam or any gas has 
40 been ntilized and applied for the production 
of mechanical motion it has been customary 
to connect with the reciprocating or moving 
parts of the engine a fly-wheel or some rotary 
system equivalent in its effect and possessing 
45 relatively great mechanical inertia, upon 
which dependence was mainly placed for the 
maintenance of constant speed. This, while 
securing in a measure this object, renders im- 
possible the attainment of the result at which 
50 I have arrived, and is attended by disadvan- 
tages which by my invention are entirely ob- 
viated. On tbe other hand, in certain cases, 


where reciprocating engines or tools have been 
used without a rotating system of great iner- 
tia, no attempt, so far as I know, has been 55 
made to secure conditions which would nec- 
essarily yield such results ns I have reached. 

It is a well known principle that if aspring 
possessing a sensible inertia be brought un- 
der tension, as by being stretched, and then 60 
freed it will perform vibrations which are 
isochronous and, as to period, iu the main de- 
pendent upon the rigidity of the spring, and 
its own inertia or that of the system of which 
it may form an immediate part. This is 65 
known to be true in all cases where the force 
which tends to bring the spring or movable 
system into a given position is proportionate 
to the displacement. 

In carrying out my invention and forsecur- 70 
ing the objects in general terms stated above, 

I employ the energy of steam or gas under 
pressure, acting through proper mechanism, 
to maintain in oscillation a piston, and, tak- 
ing advantage of the law above stated, I cop- 75 
nect with said piston, or cause to act upon it, 
a spring, under such conditions as to auto- 
matically regulate the period of the vibra- 
tion, so that the alternate impulses of the 
power impelled piston, and the natural vibra- 80 
tions of the spring shall always correspond 
in direction and coincide in time. 

While, in the practice of the invention I 
mayemployany kind of springor elastic body 
of which the law or principle of operation 85 
above defined holds true, I prefer to use an 
air spring, or generally speaking a confined 
body or cushion of an elastic fluid, as the me- 
chanical difficulties in the use of ordinary or 
metallic springs are serious, owing mainly, to 90 
their tendency to break. Moreover, instead 
of permitting the piston to impinge directly 
upon such enshious within its own cylinder, 

I prefer, in order to avoid the influence of the 
varying pressure of the steam or gas that acts 95 
upon the piston and which might disturb the 
relations necessary for the maintenance of 
isochronous vibration, and also to better util- 
ize the heat generated by the compression, to 
employ an independent plunger connected ioo 
with the main piston, and a chamber or cyl- 
inder therefor, containing air which is nor- 
mally, at the same pressure as the external 
atmosphere, for thus a spring of practically 
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constant rigidity is obtained, but the air or 
gas within the cylinder may be maintained i 
at any pressure. t 

In order to describe the best manner of 
5 which I am aware in which the invention is 
or may be carried into effect, I refer now to 
the accompanying drawing which represents 
in central cross-section an engine embodying 
my improvements. 

io A is the main cylinder in which works a 
piston B. Inlet ports C C pass through the 
sides of the cylinder, opening at the middle 
portion thereof and on opposite sides. Ex- 
haust ports D D extend through the walls of 
IS the cylinder and are formed with branches 
that open into the interior of the cylinder on 
each side of the inlet ports and on opposite 
sides of the cylinder. 

The piston B is formed with two circumfer- 
20 ential grooves E F, which communicate 
through openings G in the piston with the 
cylinder on opposite sides of said piston re- 
spectively. 

I do not consider as of special importance 
25 the particular construction and arrangement 
of the cylinder, the piston and the ports for 
controlling it, except that it is desirable that 
all the ports, and more especially, the ex- 
haust ports should be made very much larger 
30 than is usually the case, so that no force due 
to the action of the steam or compressed air 
will tend to retard or affect the return of the 
piston in either direction. 

The piston B is secured to a piston rod II, 
35 which works in suitable stuffing boxes in the 
heads of the cylinder A. This rod is pro- 
longed on one side and extends through bear- 
ings V in a cylinder I suitably mounted or 
supported in line with the first, and within 
40 which is a disk or plunger J carried by the 
rod H. 

The cylinder I is without ports of any kind 
and is air-tight except as a small leakage may 
occur through the bearings Y, which experi- 
45 ence has shown need not bo fitted with any I 
very considerable accuracy. The cylinder I 
is surrounded by a jacket K which leaves an 
open space or chamber around it. The bear- 
ings V in the cylinder I t extend through the 
50 jacket K to the outside air and the chamber 
between the cylinder and jacket is made 
steam or air tight as by suitable packing. 
The main supply pipe L for steam or com- 
pressed air leads into this chamber, and the 
SS two pipes that lead to the cylinder A run 
from the said chamber, oil cups M being con- 
veniently arranged to deliver oil into the said 
pipes for lubricating the piston. 

In the particular form of engice shown, the 
60 jacket K which contains the cylinder I is pro- 
vided with a flange N by which it is screwed 
to the end of the cylinder A. A small cham- 
ber 0 is thus formed which has air vents P 
in its sides and drip pipes Q leading out from 
65 it through which the oil which collects iu it 
is carried off. 


To explain now the operation of the device 
above described. In the position of the parts 
shown, or when the piston is at the middle 
point of its stroke, the plunger J is at the 70 
center of the cylinder I and the air on both 
sides of the same is at the normal pressure 
of the outside atmosphere. If a source of 
steam or compressed air be then connected 
to the inlet ports C C of the cylinder A and 75 
a movement be imparted to the piston as by 
a sudden blow, the latter is caused to recip- 
rocate in a manner well understood. The 
movement of the piston in either direction 
ceases when the force tending to impel it and 80 
the momentum which it has acquired are 
counterbalanced by the increasing pressure 
of the steam or compressed air in that end of 
the cylinder toward which it is moving and 
as in its movement the piston has shut off at 85 
a given point, the pressure that impelled it 
and established the pressnre that tends to re- 
turn it, it is then impelled in the opposite di- 
rection, and this action is continued as long 
as the requisite pressure is applied. The 90 
movements of the piston compress and rarify 
the air in the cylinder I at opposite ends of 
the same alternately. A forward stroke com- 
presses the Air ahead of the plunger J which 
acts as a spring to return it. Similarly on 95 
the back stroke the air is compressed on the 
opposite side of the plunger J and tends to 
drive it forward. This action of the plunger 
upon the air contained in the opposite ends 
of the cylinder is exactly the same in princi- 100 
pie as though the piston rod were connected 
to the middle point of a coiled spring, the 
ends of which are connected to fixed supports. 
Consequently the two chambers may be con- 
sidered asasingle spring. - The compressions 105 
of the air in the cylinder I and the conse- 
quent loss of energy due mainly to the im- 
perfect elasticity of the air, give rise to a very 
considerable amount of heat This heat I 
utilize by conducting the steam or compressed no 
air to the engine cylinder through the cham- 
ber formed by the jacket surrounding the air- 
spring cyliuder. The heat thus taken up and 
used to raise the temperature of the steam or 
air acting upon the piston is availed of to in- 115 
crease the efficiency of the engine. In any 
given engine of this kind the normal press- 
ure will produce a stroke of determined 
length, and this will be increased or dimin- 
ished according to the increase of pressure 120 
above or the reduction of pressure below the 
normal. 

In constructing the apparatus I allow for a 
variation in the length of stroke by giving to 
the confining cylinder 1 of the air spring 125 
properly determined dimensions. The greater 
the pressure upon the piston, the higher will 
be the degree of compression of the air-spring, 
and the consequent counteracting force upon 
the plunger. The rate or period of recipro- 130 
, cation of the piston however is no more de- 
pendent upon the pressure applied to drive 
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it, than wonld be the period of oscillation of 
a pendulum permanently maintained in vi- 
bration, upon the force which periodically 
impels it, the effect of variations in snch force 
5 being merely to produce corresponding vari- 
ations in the length of stroke or amplitude of 
vibration respectively. The period is mainly 
determined by the rigidity of the air spring 
and the inertia of the moving system, and I 
io may therefore secure any poriod of oscilla- 
tion within very wid6 limits by properly por- 
tioning these factors, as by varying the di- 
mensions of the air chamber which is equiva- 
lent to varying the rigidity of the spring, or 
15 by adjusting the weight of the moving parts. 
These conditions aro all readily determina- 
ble, and an engine constructed as herein de- 
scribed may be made to follow the principle 
of operation above stated and maintain a 
20 perfectly uniform period through very much 
wider limits of pressure than in ordinary use, 
it is -ever likely to be subjected to and it may 
be successfully used as a prime mover wher- 
ever a constant rate of oscillation or speed is 
25 required, provided the limits within which 
the forces tending to bring the moving sys- 
tem to a given position are proportionate to 
the displacements, are not materially ex- 
ceeded. The pressure of the air confined io 
30 the cylinder when the plunger J is in its 
central position will always be practically 
that of the surrounding atmosphere, for while 
the cylinder is so constiacted as not to per- 
mit such sudden escape of air as to sensibly 
35 impair or modify the action of the air spring 
there will still be a slow leakage of air into or 
out of it around the piston rod acoording to 
the pressure therein, so that the pressure of 
the air on opposite sides of the plunger will 
4c always tend to remain at that of the outside 
atmosphere. 

As an instance of the uses to which this en- 
gine may be applied I have shown its piston 
rod connected with a pawl R the oscillation 
45 of which drives a train of wheels. Tbesemay 
constitute the train of a clock or of any other 
mechanism. The pawl R is pivoted at R' 
and its bifurcated end engages with the teeth 
of the ratchet wheel alternately on oppo- 
50 site sides of the same, one end of the pawl 
at each half oscillation acting to propel the 
wheel forward through the space of one tooth 
when it is eugaged and locked by the other 
end on the last half of the oscillation which 
55 brings the first end into position to ©d gage 
with another tooth. 

Another application of the invention is to 
move a conductor in a magnotic field for gen- 
erating electric currents, and in these and 
60 similar uses it is obvious that the character- 


istics of the enginerender it especially adaptr 
ed for use in small sizes or units. 

Having now described my invention, what 
I claim is — , 

1. A reciprocating engine comprising in 05 
combination, a cylinder, a piston and a spring 
connected with or acting upon the reciprocat- 
ing element, the said springand reciprocating 
element being related in substantially the 

manner described so that the forces which tend 7° 

to bring the reciprocating parts into a given 
position are proportionate to the displace- 
ments, whereby an isochronous vibration is 
obtained. ... 

2 . A reciprocating engine comprising m 75 
combination, a cylinder, a piston impelled by 
steam or gas under pressure, and an air spring 
maintained in vibration by the movements of 
the piston, the piston and spring being related 

in substantially the manner described so.that 80 
the forces which tend to bring the recipro- 
cating parts into a given position aro pro- 
portionate to the displacements whereby an 
isochronous vibration is obtained. 

3 . The combination of a cylinderand a pis- 85 

ton adapted to be reciprocated by steam or 
gas under pressure, a cylinder an£ a plunger 
therein reciprocated by the piston and consti- 
tuting an air spring acting upon said piston, 
the piston and spring being related in the 90 
mauner described so that the forces which 
tend to bring the piston into a given position 
are proportionate to the displacement where- 
by an isochronous oscillation of the piston is 
obtained. , 95 

4 . The combination of a cylinder and a pis- 
ton adapted to be reciprocated by steam or 
gas under pressure, a cylinder and piston con- 
stituting an air spring connected with the 
piston, a jacket forming a chamber around 100 
the air spring through which the steam or 
compressed gas is passed on its way to the 
cylinder, as and for the purpose set forth. 

5. The method of producing isochronous 
movement herein described, which consists in 105 
reciprocating a piston by steam or gas under 
pressure and controlling the rate or period of 
reciprocation by the vibration of a spring, as 

set forth. 

6. The method of operating a reciprocating no 
engine which consists in reciprocating a pis- 
ton, maintaining by the movements of the pis- 
ton, the vibration of an air spring and apply- 
ing tho heat generated by the compression of 
the spring to the steam or gaa driviog the 115 

pl8t0D * NIKOLA TESLA. 

Witnesses: 

PiKUR W. Pag*, 

R. F. Gaylord. 


An engine of the kind described possesses 
many and important advantages. A much 
more perfect regulation and uniformity of ac- 
tion is secured, while the engine is simple 
and' its weight for a given gapaolty is very 
greatly reduced. The reciprocating move- 
ment of the piston roav be converted, by the 
ordinary me chanisms into- rotary motion or 
it maybe utilized and Applied in any ether 
manner desired, either directly or indirectly. 


„o U.3. Patent # 517900 
Nikola Tesla, 4/10/94 
(for steam engine 
almost identical to 
1,5 above patent except 
having valves) 
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TESLA-PRINCIPLE 
MECHANICAL MOTOR 

This work is dedicated to the Source of all power and 
knowledge — and to my wife , who has put up with a lot . May 
this technology have the effect of helping to restore full 
individual freedom in our beloved America and the rest of the 
world , as well as an increased sense of duty and responsibili- 
ty , so that freedom may be preserved for our children and 
grandchildren. May God bless America. 

II Chronicles 7:14 — If my people , which are called by 
my name, shall humble themselves , and pray , and seek my 
face, and turn from their wicked ways, then will I hear from 
heaven, and will forgive their sin, and will heal their land. 
Amen . 

1 The purpose of the Tesla-principle 
Mechanical Motor 

1, The purpose of the Tesla-principle mechanical motor, 
hereafter referred to as T.M., is to convert compressed air, 
steam, or any other non-flammable gas under pressure to 
mechanical energy. 

2. The purposes of this booklet are: 

a. To show how Tesla-principle motors can be easily 
made. 

b. To show how to make inexpensive devices which can 
use the mechanical energy obtained from the T.M. to pump 
incompressible fluids such as water and hydraulic fluid under 
any designed pressure and flow, and to generate electrical 
current directly from the T.M. shaft/s, or by hydraulic means. 

3. To create a working understanding of the theory of 
operation of both the motor and associated devices, so that the 
reader can modify the apparatus to fit his needs. 

Introduction and general description 

The mechanical energy obtained from a T.M. is produced in 
an exceptionally efficient manner, because the motor has only 
one reciprocating member (piston and shaft are considered to 
be one). 

The mechanical movement obtained is a linear, oscillating 
motion, and the piston virtually floats within its chamber. 

No rings are required between the piston and cylinder wall, 
and an extremely close fit between them is neither necessary 
nor desirable. This is because the working medium (compres- 
sed gas or steam) has properties of adhesion and viscosity, and 
this creates somewhat of a barrier between the piston and 
cylinder upon which the piston rides. 

We find that a piston cut from cold-rolled steel will slide 
within seamless steel, brass or aluminum tubing of stock 
dimensions, and the most that is required is sizing with the 
proper size drill bit. We may bore a block of steel, or sleeve an 
aluminum block, in order to arrange many T.M.s for any 
amount of fluid flow and pressure desired. 

The piston diameter should be within about l/64th inch 
(.015625) smaller than the cylinder’s inside diameter. The 
exact tolerances are not critical, and day light can be seen 
between the piston surface and cylinder wall without causing 


concern. Naturally, if there is too loose a fit, the unit will 
become less efficient, or will not work at all unless excessive 
volumes of working medium are used or the pressure is 
unusually high. Remember that a 1 /64th inch difference in the 
diameter results in a space between piston and cylinder of only 
about .008 inch. T.M.s have been operated for hours on 
compressed air and the temperature increase of the cylinder is 
hardly discernible, due to the lack of friction. 

Naturally, the cylinder and piston should be made of 
materials compatible with the working medium used, but the 
use of synthetic high-strength materials is not ruled out when 
extremely high frequency of reciprocation is desired. 

Introduction 

The Tesla-principle motor was invented by Nikola Tesla, 
who was bom on July 9, 1856 in the village of Smiljan, in 
what is now Yugoslavia. 

Nikola Tesla was a discoverer of principles, and he left the 
task of development of his discoveries to others. 

The motor plans and air-spring concepts before you now are 
based on the original Tesla concept of a motor with one recip- 
rocating member, operating nearly in the absence of friction. 
The piston has no governor, and therefore oscillates at its own 
natural frequency. The efficiency, consequently, is extremely 
high. 

An effort has been made to place the diagrams near the text 
which describes the operation of that part. By referring to the 
diagrams, you should find the instructions satisfactory for 
successful completion of the devices. You will soon see why 
Tesla considered this mechanical motor as perhaps his greatest 
discovery. 

Tesla passed away in America in 1943, and proper recogni- 
tion for his many contributions has generally not been 
forthcoming in textbooks or reference books which are 
available to the general public. 

The destruction of Tesla’s Wardenclyffe project in 
September, 1917 w>as a great disappointment to him and an ex- 
traordinary loss to the American people. 

A rendition of that laboratory, which had been built on 
Long Island, New York, is found at the front of this booklet. 
Tesla tried to benefit mankind, but he was too far ahead of his 
time for people to understand. 

Tesla indicated, however, that he understood “To every 
thing there is a season, and a time to every purpose under the 
heaven”. 

If he were here today, he would be pleased if you take his 
concepts and discoveries and apply them to provide power for 
your needs. There is no practical limit on the power available 
from these devices when they are grouped for the purpose and 
powered by steam. 

Enjoy yourself as you marvel at the simplicity of Mr. 
Tesla’s answer to the inefficiency of the internal combustion 
engine. 

2 The Tesla-principle Motor 

Please refer to the diagrams to follow the cycle of operation. 
This section shows how to construct a T.M., and its principles 
of operation. The hydraulic and electrical devices will be 
shown later. 
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There are two main parts to the T.M. One is the piston and 
shaft member, and the other is the cylinder within which the 
piston and shaft/s reciprocate. 

The cylinder ends are sealed by end plates with gaskets, and 
these end plates are drawn together by threaded rods so that 
the working medium cannot escape from the cylinder. 

The shaft/s from the T.M. piston exit through holes or seals 
which pass through the end plates, usually at a point even with 
the center of the cylinder. 

In order to keep the piston balanced while reciprocating, the 
shafts normally are placed in, or through, the center of the 
piston. This does not necessarily have to be so, however. 

Remember that the piston has no rings and that it is 
designed to ride on a cushion of the working medium. 

3 The Tesla-principle mechanical motor 

Operation: 

When steam or compressed gas comes through the cylinder 
wall through the intake tube (I), which can be threaded, 
soldered, welded or brazed to the cylinder’s circumference, it 
is made available to one of the two chambers (A or B) which 
exist between the ends of the piston and the cylinder end 
plates. The motor must begin operation with one of the intake 
channels (a or b) underneath the cylinder intake tube (I). Note 
that when the piston moves either left or right within the 
cylinder, that working medium is going to be trapped between 
the piston face and the end plate gasket; this provides an air- 
spring which will increase the velocity of the piston during its 
return stroke, much in the same way that a compressed steel 
spring will uncoil with great speed after you release the 
pressure which was compressing it. 

Referring to diagrams 3 through 6, suppose that piston 
channel (b) is underneath the cylinder intake (I). The working 
medium is sent via passageway (c) into remote chamber (B). 
Jet nozzle action from an alien screw threaded into the (B) end 
of the piston and through which an appropriately-sized hole 
has been drilled will cause the piston to move left. As the 
piston moves left, piston channel (b) releases pressure from 
chamber “B” through cylinder exhaust port/s (L). 

At the same moment, because of the fixed-distance relation- 
ship between the cylinder ports and the piston channels, the (a) 
piston channel is now under the cylinder intake tube (I). 

This causes the working medium to enter remote chamber 
(A), and the piston moves to the right. Intake and exhaust 
functions are accomplished by the piston moving within the 
cylinder, and each movement of the piston takes place under 
the pressure of the working medium. 

Note that the piston moves for two reasons: 

1 . The reaction of the piston to the escape of the working 
medium under high lateral velocity. The piston would do this 
even if it were working in a vacuum, just as a rocket can travel 
through space without its exhaust gasses pushing on air as they 
do near sea level. This concept can be used to greatly magnify 
the velocity of the piston, and thereby increase its stroke. 

More will be said about using alien screws which have been 
drilled so as to increase velocity and conserve the working 
medium in the section on good design practices. We have al- 
most an infinite number of factors which can be proportioned 


to any power requirement. 79 

2. The piston also moves because pressure is building up 
between the piston face and the cylinder end plate. In the case 
of steam as the working medium, the steam is expanding. 

Trace the piston in the diagram. Moving the tracing back 
and forth over the diagram of the cylinder will make the cycle 
of operation more clear. 

Diagram 1 Diagram 3 Diagram 5 

Diagram 2 Diagram 4 Diagram 6 


Dimensions shown are for illustration purposes only 



Since the T.M. has no governor, it is free to move at its 
natural frequency, which is Independent of the pressure of the 
working medium. 

In other words y whether at 10 P.SJ. or 400 P.S. 1. 1 only the 
amplitude , or stroke of the piston and shaft! s change , not their 
frequency of reciprocation. This means that generation of 
A.C. current at 60 Hz. (C.PS.) can be achieved by propor- 
tioning the variable factors available to you with this device , 
such as the rigidity of an attached air-spring . 

Direct current can also be generated by the devices, but the 
design of the electrical apparatus is beyond the scope of this 
paper. A.C. current may be rectified with the use of solid-state 
devices such as diodes and full- wave bridge rectifiers. 

Naturally, as the power of the devices you build increases, 
the amount and/or pressure of the working medium must also 
increase. It is recommended that as you test the devices you 
build, that you use compressed air for convenience and safety. 


3 


80 

If a compressor is unavailable to you, an old liquid propane 
tank in good condition can be emptied and modified to contain 
compressed air and will allow you to transport compressed air 
for your tests. Do not use any flammable gas under pressure to 
run the T.M. The motor would run, but you’d better too! 

4 Step-by-Step instructions for building a 
Tesla motor. 

Method: 

1. Cut a 5 in. piece of 2 in. diameter cold-rolled steel so 
that the faces are even and not angled. Have two channels each 
3/8 in. wide cut into this piece, each 3/16 in. deep. The left 
channel should begin PA in. from the left side of the piston 
and end two and one-eighth in. from the left side of the piston. 
The right channel should begin two and seven-eighths in. from 
the left side of the piston, and end three and one-quarter in. 
from the left side. The wider the channels are made, the longer 
the period of time that the piston will be under the influence of 
the working medium. A 2 in. I.D. shaft collar which comes 
with an alien set-screw may be placed on the piston to assist 
you in scribing the circumference in the proper places. If you 
decide to widen the channels, do so in the direction of the 
piston ends, not the center, so as to maintain the 3/4 in. 
landing which separates the channels. 

2. Place the piston inside the seamless tubing. If it does not 
fit, first check to see if the obstruction is merely a lip of steel 
on the inside circumference of the steel tubing. This will 
almost certainly be the case if a pipe cutter was used to cut the 
tubing. If the tubing was saw -cut, the use of a reamer will not 
be necessary. If the piston still does not fit into the seamless 
tubing, then a 2 in. drill bit will have to be used to size the 
cylinder. 

3. Drill a hole in the center of one or both ends of the piston 
with a 21/64 in. bit, so that the hole/s may be threaded with a 
3/8 x 24 tap. Be sure that the holes are drilled perpendicular to 
the piston face, because the working shafts will be threaded 
into them. Tap the hole/s you have drilled with the 3/8 x 24 
tap, being sure to use cutting oil and backing the tap up 
occasionally to clean out the metal particles. When you have 
become skilled at drilling, a single hole all the way through 
the center of the piston may be drilled, so that the working 
shaft extends from both ends. The shaft may then be welded in 
place. A drill press is a practical necessity for this purpose, as 
the shafts must not bind as they pass through the end plates. 

4. Mark the left and right face of the piston with a magic 
marker. Place the right side facing up, and put a ruler across it 
through the center. 

Measure in from the circumference 1/2 in,, and drill a 5/16 
in. hole for passageway “c” which will later connect the right 
side of the piston to channel “b”. Note that passageway “c” 
goes beneath, and does not intersect with, channel “a”. When 
you have drilled 3 1/4 in. into the piston from the right side, 
passageway “c” will lie beneath, but not yet be connected 
with, channel “b”. 

5. Place the left side of the piston up, and repeat step 4. 
Drill lateral passageway “d” from the left piston side under- 
neath channel “a”. The passageways “c” and “d” should be on 
opposite sides of the piston diameter. 


Note that the diameter of the piston is limited by the 
necessity of the passageways passing beneath the nearby 
channel without intersecting with the nearby channel. 
However, for practical purposes, diameters under 3/4 in. are 
of little use anyway, because the working medium would have 
little area of piston surface to act upon. See Diagram # 1 8 for a 
suggestion on how to increase the volume of flow of the work- 
ing medium without cutting the piston channels deeper. 

6. Now that passageway “c” lies beneath channel “b”, drill 
a 5/16 in. hole from the bottom of channel “b” to intersect with 
passageway “c”. 

7. Drill a 5/16 in. diameter hole in the bottom of channel 
“a” to intersect with passageway “d”. 

8. You may thread the holes at the lateral ends of each 
passageway so that an alien screw, which has been drilled with 
a smaller diameter hole, may be threaded into it. Note that the 
5/16 in. passageway hole at the piston face may be enlarged to 
a depth of 3/8 in. to allow larger diameter alien screws to be 
used. 

9. Place a mark at the exact center of the seamless steel 
tubing, and center punch it. 

10. Measure exactly 1 Vs in. to both the left and right of the 
center mark, and punch-mark those spots as well. 

11. Using a 1/8 in. diameter bit as a pilot, drill all three 
holes. 

12. Enlarge the holes to 7/16 in. and then thread them with 
the 1/4 in. N.P.T. tap. 

13. Remove all burrs from the cylinder. 

14. Take a length of 3/8 in. cold-rolled steel and thread one 
end with a 3/8 x 24 die. Screw that end into the piston, and 
weld it into place after you are satisfied that it is perpendicu- 
lar, both to the piston face and the plane of the ends of the 
cylinder. This is the working shaft. A 3/8 in. diameter bolt 
could be used, but they are seldom perfectly round as cold- 
rolled steel is. DO NOT use hot-rolled steel, despite its lower 
price. 

15. Place the piston into the cylinder and slip the gasket 
and end plate over the shaft (obviously, a 3/8 hole must be 
drilled through the center of the plate which will have the 
reciprocating shaft). 

16. Sandwich the gaskets and cylinder between the end 
plates by tightening the four threaded rods which draw the 
ends plates together. 

Be sure to use flat washers and lock washers to retain the 
3/8 in. nuts. 

When operated under 100 PS. I . of pressure, this piston is 
going to exert 314 pounds of force on that shaft . DO NOT 
HOLD THIS MOTOR IN YOUR HAND WHEN YOU TEST 
ITU 

Materials needed: 

1. 8 inches of seamless steel tubing, 2 in. inside diameter. An 

O.D. of 2.5 in. is desirable, for a wall thickness of about 

1/4 in. 

2. 5 inches of 2 in. diameter cold-rolled steel. 

3. Two 3 in. x 3 in. steel plates, with a minimum thickness of 

1/8 in., through which 3/8 inch holes have been drilled on 

each comer. 


4 


4. Four pieces of 3/8 in. diameter threaded rod, each 8 in. 
long. 

5. Four (each) 3/8 in. flat washers, lock washers, and nuts. 

6. Two pieces of copper gasket, or thin sheet copper (if steam 
is to be used). Rubber from an inner tube will work if air is 
to be used as the working medium. Each piece should be 
about 3 in. x 3 in. 

7. A length of 3/8 in. cold-rolled steel, equal in length to the 
shaft size desired. 

8. Three two-inch long 1/4 in. N.P.T. brass nipples. 

Tools needed: 

A. Drill bits. 

1. 1/8 in. steel bit. 

2. 5/16 in. steel bit. 

3. 7/16 in. steel bit. 

4. 21/64 in. steel bit. 

B. Other tools needed: 

1 . 1/4 in. pipe tap. 

2. 3/8 x 24 tap. 

3. 3/8 x 24 die. 

4. hacksaw, or pipe cutter. 

5. Set of alien wrenches. 

6. drill (a drill press will make accuracy better) or a 
hand-drill guide may be used. 

Note: when making pistons over 1 in. diameter, it will 
save a lot of time and work to have the channel work done by a 
machine shop. Smaller pistons can be channeled by bolting 
hacksaw blades together and using cutting oil as you work. 

7. Optional: Allen screws, bits and taps to reduce the 
passageway hole at the piston face. 

8. Ruler. 

9. Magic marker. 

10. Round file, sandpaper. 

11. Center punch. 
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Comparison between the Four-Stroke Internal 
Combustion Engine and The Tesla Mechanical 
Motor and Associated Linear Hydraulic Pump 

Those who wish to become more independent of established 
power sources may wish to overcome the objections of some- 
one who thinks that such a thing is impossible, and a waste of 
time. Have that person examine the following comparison, so 
that you will not have unnecessary impediments to your 
success with this old technology, made new. 

It is logical to ask the question k ‘How does the Tesla system 
compare in efficiency with the internal combustion engine?”. 

The sequence of events in the internal combustion four- 
stroke engine is as follows: 

1 , INTAKE: The intake valve opens and the correct fuel 
mixture (hopefully) enters the combustion chamber, as the 
piston moves down. 

2. COMPRESSION: The starter motor (if working and the 
battery is up to snuff) continues to turn the massive crankshaft, 
which in turn causes movement of the camshaft, timing gears, 
timing chain, connecting rod and bearings, piston with 
friction-producing compression and oil rings, oil pump and 
sometimes high- viscosity oil, distributor shaft and associated 


parts, flywheel, push rods and valves, rocker arm, numerous 
springs and associated parts, finally resulting in compression 
of the fuel mixture. The fuel mixture is now ready to be ig- 
nited by a spark from the spark plug, which may or may not be 
in good condition and connected to the distributor by adequate 
wires. 

The piston is near the top of its stroke at this time. 

3. POWER: This is what we have been waiting for — the 
mixture ignites and the piston applies its power through the 
connecting rod to the crankshaft. In doing so, a large portion 
of the power is wasted in going from the linear motion of the 
piston to the rotary motion of the crankshaft. Much of the 
energy from the fuel is lost through heat radiating from the 
engine. 

Additional efficiency will be lost on the power stroke if the 
timing of the ignition is incorrect. 

4. EXHAUST: The products of combustion leave the 
cylinder through the exhaust valve. If it were not for the inertia 
of the flywheel and other moving parts such as the crankshaft, 
the power produced by the power stroke would not be 
sufficient to keep the engine running. 

Not mentioned in the inefficient performance above is the 
certainty that inaccessible oil seals in the engine and transmis- 
sion will eventually leak, and the sheer weight of the engine 
itself increases road friction, which in turn, reduces mileage. 

Diagram “7” shows the simplicity of a T.M. which is 
operating a double-acting hydraulic pump. 

Diagram 7 



INTAKE: No valves or springs are used. A steam tube 
admits the steam to the cylinder when a piston channel passes 
underneath the tube. 

EXHAUST: Accomplished when a piston channel passes 
beneath an exhaust hole. 

POWER: Notice that every movement of the T.M. is a 
power stroke, and that with the associated linear hydraulic 
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pump (double-acting design) every movement pumps fluid at 
the same time that more fluid is drawn into one of the 
chambers by vacuum action. 

Observe also that the exhaust ports of the primary T.M. can 
be connected to the intake port/s of a second T.M., and that a 
third T.M. could be connected in a similar way to the second. 
This can be done when using steam as the working medium, 
because the steam still has expansive power after exiting the 
primary motor. 

The T.M.’s piston may have a single or double shaft exiting 
the end plates which sandwich the cylinder. The steel end 
plates have holes drilled through each of the four comers, and 
four threaded rods keep a copper or rubber gasket (depending 
upon the working medium) in intimate contact with the 
cylinder and steel plate. Diagram “8” shows the method of 
connection of the T.M.s when the steam is being reused. 

The piston shaft/s exit through holes drilled through the end 
plates, and good results have been obtained by merely drilling 
a hole equal in diameter to the working shaft/s material. If 
high-pressure steam is used, packing seals should be used 
around the reciprocating shaft/s. These can be made from 
brass compression fittings with the collar replaced by packing 
material, similar to marine shaft stuffer boxes. 

Diagram 8 

REUSE OF STEAM 



Synopsis of the comparison 

a. Note that with the four-stroke internal combustion 
engine, only one power stroke results from every four move- 
ments of the piston, yielding an efficiency of 25%, with 
respect to the piston movement. 

a. The Tesla system delivers four power strokes for four 
movements of the piston, yielding an efficiency of 100%, 
with respect to piston movement. Additionally, the T.M. has 


little weight compared with an internal combustion engine. 

b. The four- stroke engine requires the movement of many 
parts and considerable weight, which increases friction and 
costs of production. 

b. The Tesla system causes a piston to vibrate (resonate) at 
its natural frequency, because it has no governor. The T.M. 
completes many strokes per second by moving a relatively 
small mass at considerable velocity. Since E = ‘/zMV 2 , where 
the energy of a piston varies directly as its mass (weight, for 
all practical purposes) and as the square of the velocity of the 
piston, great size is not necessary. More will be found on this 
in the section on “Good design practices”. 

c. The internal combustion engine loses a great deal of its 
fuel economy by producing heat, which in turn decreases 
engine life and increases friction. Except for heat which may 
be used to warm the interior of the vehicle, this energy is 
totally wasted. 

c. With the Tesla system, the steam can be used again as it 
exits the primary motor and used to run a second or third 
motor for auxiliary power or for the injector pump which re- 
turns the condensed steam to the boiler. 

In any event, all of the water which was turned into steam is 
recovered and returned to the boiler as water at or near 212° F. 
or 100° C. Since it takes 1 calorie to raise 1 gram of water 1 
degree C., the energy needed to raise the boiler water from its 
original temperature to 100°C. need only be applied once, 
upon initial start-up. Since the water is totally recoverable, the 
amount of w r ater in the boiler need not be large. This assures 
fast warm up when first starting the system. 

The automobile radiator can be used to condense the steam 
back into hot water, as well as collect the water for injection 
back into the boiler. 

A thermostat or pressure switch can be used to automatic- 
ally turn an electric fan on to make sure the hot water 
condensate in the radiator does not turn to steam inside the 
radiator. 

Besides the 1 calorie per gram needed to raise the tempera- 
ture of the water one degree, 540 calories are needed to turn 
that same gram of water to steam. That same heat is released 
by the steam when it is condensed back into water. More will 
be said about this in the section on steam. 

d. The pistons in a four-stroke have their direction of travel 
changed abruptly, causing great strain on the bearings and 
other moving parts. This increases wear, and sometimes 
results in “thrown rods” etc. 

d. The Tesla piston changes direction even more abruptly 
and far more frequently than the four- stroke piston, but it is 
cushioned by air which is trapped between the piston face and 
the end plate gasket. This enclosed air-spring is indestructible, 
unlike springs made of steel which have a definite modulus of 
elasticity. An exterior air device may be attached to the 
T.M.’s shaft/s and used to control the T.M.’s rate of oscilla- 
tion. This rate would depend upon the rigidity of the external 
air spring. 

e. The timing in a four-stroke must be rather exact for the 
most efficient operation. Sometimes wear in the timing chain- 
timing gear apparatus will become so pronounced that the 
engine will not run at all. 
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e. The T.M.’s timing is fixed by the piston channels and 
the cylinder’s port/s. It cannot go “out of time”. 

The above comparisons address only the more obvious 
advantages of the T.M. over the internal combustion engine. 
Although a hydraulic system can also develop oil leaks, these 
parts are normally in accessible positions and the problem is 
often solved by tightening the packing. 

There are other design considerations, such as the amount of 
space that each system will require and the weight of each. 
The T.M. has such an advantageous power-to- weight ratio, 
that it could be adapted for use on bicycles when coupled with 
the associated hydraulic pump system. 

Losses of energy expected from the 
Tesla- hydraulic system 

1 . Boiler losses — A good boiler can be over 90% 
efficient, meaning that 10% of the fuel will not be used to 
make steam. How to calculate boiler efficiency from the 
manufacturer’s data is explained in the “Horsepower calcula- 
tions” section. 

2. Up to a 10% loss of energy can be expected when 
placing hydraulic fluid under working pressure (1500 to 3000) 
P.S.I., most of which is lost as heat. Some of this heat could 
be recovered by using a heat exchanger to warm the inside of 
the vehicle. 

3. A 5-10% loss may be expected because it takes power to 
inject the condensed hot water back into the boiler. Since the 
boiler is operating under its designed pressure, the water must 
be injected back in under yet greater pressure through a one- 
way valve. Naturally, the capacity of the injector will be sized 
for the boiler used. 

Individuals may also design and build boilers, but safety 
practices must be strictly observed relating to bursting 
strength, pressure relief steam-rated valves etc. 

The internal combustion engine is no more than 10% 
efficient, and most of them are less efficient than that. 

Losses due to friction in the T.M. are virtually non-existent 
and the reciprocating piston requires no oil or rings. 

The Tesla system is conservatively estimated as being at 
least six times as efficient as the internal combustion recip- 
rocating engine, and the T.M. will make auxiliary power 
available for raising the vehicle for tire changes or attachment 
of power tools or log splitters etc. 

The increased efficiency of the T.M. system coupled with 
the greatly reduced weight of the vehicle will be proportion- 
ately reflected in the M.P.G. of whatever fuel is being used to 
heat the water. 

6 Why return to steam? 

The author is a Christian, and therefore looks at things from 
that prospective. 

Have you ever considered the similarity that water bears to 
God, the Creator? 

Water has one formula, H 2 0, as there is one God. 

Water, nonetheless, has three natures, Ice, Water and 
Steam, just as there exists Father, Son, and Holy Ghost. Water 
has three atoms; two of hydrogen, and one of oxygen. 

Ice is so powerful when expanding that it can topple build- 
ings, as God the Father is all powerful. 


Water is necessary to life on Earth, as Jesus Christ is 
necessary to have life after physical death. 

Steam is a powerful expanding force, not unlike the Holy 
Ghost. 

To the author’s mind, the similarity of the nature of water to 
the Creator is no accident. 

Steam is produced by nuclear energy, by burning coal, 
wood, alcohol, oil, cow pies, and by solar energy. 

Steam is the energy transfer medium of choice because it 
expands about 1700 times its water volume upon vaporization. 

Hydraulic fluid is the means of choice for distribution of the 
power created by steam. Together, they form an efficient 
means for the individualist tp assure power for all his needs 
with a variety of fuels. 

Old timers told of races that were held between the Stanley 
Steamer and cars with internal combustion engines. 

The Steamer would be stopped at the bottom of a steep hill. 
The competing car would be allowed to get a running start and 
begin the climb at its top speed. When the competing car 
passed the Steamer, the Steamer began its ascent. The Steamer 
never lost. 

Steam engines put out continuous horsepower, not “brake 
horsepower” or “instantaneous horsepower”. 

Use of steam was never abandoned by the corporate giants 
and power companies, only by the working man; now it is 
time for the individualist to return to receiving its benefits. 

The Tesla system overcomes the functional disadvantages 
inherent in the old Stanley Steamer and other outmoded steam 
powered systems, such as the powerful steam locomotives 
which did not recover the steam produced. 

Lets look at why these type machines are not widely used 
today. 

1. The Stanley Steamer — The Stanley Steamer had no 
system for recovery of the steam. This required the Steamer to 
carry large quantities of water, and warm-up time was also in- 
creased because all the water had to be heated. Additionally, 
since no hot water returned to the boiler, all water had to be 
heated from the ambient temperature to the boiling point. 

1. In contrast, the Tesla system recovers all of the water 
and only cools it enough to change it back into water at the 
boiling point. 

2. Mineral buildup in the boilers of the old Steamers actu- 
ally insulated the water from the heat source, as minerals 
settled to the bottom. 

Those minerals were also responsible for jamming the 
“pop-off’ valves on some boilers, causing them to burst. 

2. Since all the water is recovered with the T.M. system, 
and distilled water is used to begin with, there are no minerals 
to cause the previous troubles. Warm-up time and energy use 
is an absolute minimum because only enough water to run the 
vaporization-condensation cycle is needed. 

Note: Because there are people who tamper with other 
people’s property it would be wise to place your boiler’s safety 
relief valves under lock and key in a vented steel enclosure. 

While we are on the topic of the possible dangers from 
boiler operation, another imminent danger must be mentioned, 
because it can prevent development of steam technology under 
color of authority. 
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There are people who have organized for the purpose of 
destroying the U.S. Constitution during a proposed Constitu- 
tional Convention in 1987. 

Contrary to what some well-meaning people may believe, 
that convention CANNOT be limited to a single issue , and the 
Convention will be controlled by those who are well versed in 
Robert' s Rules of Order and who are prepared to destroy our 
heritage of individual liberties , a gift from God which was 
written down by the Founding Fathers. 

These collectivist groups could take away individual rights 
to the extent that steam technology could simply be outlawed 
as (( too dangerous " . 

It is only dangerous to certain ‘ fat wallets " . 

Please be on the alert to this dangerous movement , because 
George Washington s words are as true today as when he said 
“Government is like fire, a useful servant , but a fearful 
master " . Government with unlimited power is more dangerous 
than a boiler operating without safety valves . 

7 The nature of steam and methods of 
calculating H.P. 

When working with steam, we must accept certain proper- 
ties of water and steam and learn to work with them and/or 
around them. 

The centimeter-gram- second (c.g.s.) system of measure- 
ment makes steam calculations somewhat easier than the 
English system of B.T.U, s and pounds, but both systems will 
be used in the conversion tables. 

In the c.g.s. system, 1 calorie is needed to raise 1 gram of 
water 1 degree C., with 0° as the freezing point and 100°C. as 
the boiling point of water under one atmosphere (14.7 lbs. sq. 
inch) of air pressure. After that gram of water reaches a 
temperature of 100°C. , it still requires the addition of another 
540 calories for that gram of water to turn into one gram of 
steam. Likewise, after that steam has done work through one 
or more Tesla motors, it is giving up some of those 540 
calories of heat to the device and its surroundings. The 
remainder of those 540 calories of heat must be removed from 
the steam by the radiator which acts as a condenser. 

The 540 calories of heat required to turn one gram of water 
at 100°C. into steam is known as the latent heat of vaporiza- 
tion, and is one of the factors we must work around. 

In the English system of B.T.U.s and pounds, one B.T.U. 
is required to raise the temperature of one pound of water one 
degree on the Fahrenheit scale, where 32° is the freezing point 
and 212° is the boiling point under one atmosphere of 
pressure. 

Each of these temperature scales assumes that the water is 
being heated under one atmosphere of pressure, which is about 
14.7 lbs. per square inch, at sea level. For example, a boiler 
operating under 200 P.S.I. is working under 13.6 atmos- 
pheres. This pressure raises the boiling point of the water be- 
cause it makes it more difficult for the vapor molecules to 
leave the surface of the water. Inversely, low air pressure al- 
lows boiling water at a lower temperature, consequently the 
necessity of using a pressure cooker at high altitudes where the 
air pressure is lower than it is at sea level. 

Without the pressure cooker, the water would come to a 


rolling boil below the temperature required to cook some foods 
correctly. 

Therefore, when someone refers to the number of atmos- 
pheres of pressure, multiply that number by 14.7 to find the 
equivalent P.S.I. 

8 Conversion tables 

Many of the figures below are approximate, or have been 
rounded-off 

ENGLISH— Weight/volume ENGLISH— Length 

1 pound = 453.6 grams 1 inch = 2.54 cm. 

1 U.S. quart of water weighs 1 meter = 39.37 inches 

2.075 lbs. 

1 U.S. gallon of water weighs 8.3 pounds 
1 cubic foot of water weighs 62.5 lbs. 

1 cubic foot of water weighs 28350 grams 

METRIC — Weight/volume METRIC — length 

1 gram of water = 1 cubic .3048 meter — 1 ft. 

centimeter at 4°C. 2.54 cm. = 1 inch 

1 gram of water = 1 milliliter at 4°C. 

1 liter of water weighs 2.2 lbs. 

1 liter of water weighs 1000 grams at 4°C. 

1 liter of water = 1.056 U.S. quarts 

ENGLISH— Volume 

1 cubic inch — 16.387 cubic centimeters 
1 U.S. quart = .9463 liter 
1 cubic foot of water = 28.316 liters 
1 cubic foot of water = .028 cubic meters 
1 U.S. gallon = 229.48 cubic inches 
1 cubic foot of water (fresh) = 7.53 gallons 

METRIC— Volume 
1 milliliter = .034 fluid ounce 
1 cubic centimeter = .061 cubic inches 

ENGLISH— Heat 

1 B.T.U. -required to raise 1 lb. of water 1°F. 

1 B.T.U. = 252 calories 

Latent heat of vaporization of water = 972 B.T.U. /lb. 

Latent heat of vaporization of ammonia = 586.8 B.T.U. /lb. 
Ammonia liquifies at 4.5 atmospheres 
Freezing — 32°F. 

Boiling — 212°F. (1 atmosphere) 

METRIC— Heat 

1 calorie required to raise 1 gram of water 1°C. 

252 calories = 1 B.T.U, 

Latent heat of vaporization of water = 540 cal./gm. 

'Latent heat of vaporization of ammonia = 326 cal./gm. 
Freezing = 0°C. 

Boiling = 100°C. (1 atmosphere) 

Ammonia liquifies at 4.5 atmospheres, 

9 Horsepower 

The conventional automobile’s horsepower has no exact 
relationship to actual horsepower, which is defined as the 
equivalent of the work done in raising 550 pounds at the rate 



of one foot in one second. Notice that the element of time is 
part of determining horsepower. A small boy and a strong man 
could each lift 2000 bricks two feet high, but it would take the 
small boy much longer because he is capable of less continu- 
ous horsepower. 

Actual horsepower is calculated by the following equation: 
H.P. = FORCE (in pounds) x DISTANCE (in feet) divided 
by the TIME (seconds). 

H.P. = E x D 
T 

EXAMPLE: A 200 pound man walks up a flight of stairs with 
a verticle rise of ten feet in four seconds. Calculate the horse- 
power he developed during the climb. 

H.P. = F x D/T H.P. = 200 x 10/4 
H.P. = 500 foot/lbs. /second 

Since the man did 500 ft. /lbs. of work per second, he 
developed 500/550 H.P., or about .9 H.P. Ans. 

Brake horsepower, S.A.E. ratings and indicated horsepower 
do little to indicate the actual ability of an engine to do work. 

Lets assume you are going to purchase a boiler instead of 
making your own. How can we calculate the efficiency of a 
boiler, in order to be able to make a wise choice among 
models? 

EXAMPLE: Lets say that we want to generate about 2000 
watts of electricity from a conventional generator that we are 
converting to a T.M. hydraulic system. Since the electrical 
equivalent of 1 H.P. is thought to be 746 watts, we decide to 
buy a 3 H.P. boiler. The boiler manufacturer tells us that his 
boiler will produce 3 H.P., and will produce 103 lbs. of steam 
per hour at 200 P.S.I. The boiler uses 126,000 B.T.U.s per 
hour in order to do this. The manufacturer states that the start- 
ing temperature of the water is 68°F. for purposes of calcu- 
lating the amount of heat needed to raise the water to the 
boiling point. 

What is the efficiency of this boiler? 

STEP 1 — Since the 103 lbs. of water must first be raised to 
212°F. before it can be turned into steam, we figure the differ- 
ence from 68°F. to 212°F., and find that we need to raise the 
water temperature 144°F. Since we know from the conversion 
tables that it takes 1 B.T.U. to raise 1 lb. of water 1°F., then 
we’re going to need 103 x 144 B.T.U.s, or 14,832 B.T.U.s 

STEP 2 — We now have 103 lbs. of water at 212°F., but it 
is not yet steam. Since the latent heat of vaporization of water 
is 972 B.T.U.s per lb. of water which is at 212°F., 103 lbs. 
will require 103 x 972 B.T.U.s, to become steam, or 100,116 
B.T.U.s. 

STEP 3 — We must add the B.T.U.s needed to raise the 
water from 68°F. to 212°F. to the B.T.U.s needed for the 
latent heat of vaporization required for 103 lbs. of steam 
which has a temperature of 212°F., or 114,948 B.T.U.s. 

STEP 4 — Since the boilermaker stated that the boiler 
required 126,000 B.T.U.s per hour, and 100% efficiency 
would require only 114,948 B.T.U.s, per hour, we have lost 
11,052 B.T.U.s of heat which have produced no steam. 

STEP 5 — Divide the number of B.T.U.s lost (11,052) by 
the total number of B.T.U.s that the boiler requires per hour 
(126,000), and we see that about 9% of the B.T.U.s produced 


no steam, for a respectable efficiency of about 91%. These 
figures, incidentally, were given on a boiler that is on the 
market. 

If you intend to buy a boiler instead of making your own out 
of seamless tubing etc., you must determine the following 
information about the boiler: 

1 . Needed for calculating the efficiency of the boiler: 

a. What starting temperature of the water is the boiler 
B.T.U. s/hour based upon? 

b. How many pounds of steam will it produce an hour? 

c. How many B.T.U.s does the boiler use per hour? 

2. Needed for engine design and horsepower calculations: 

a. At what pressure does the boiler operate? 

b. The horsepower rating of the boiler. 

Unfortunately, environmental controls have forced many 

boilermakers out of business because their production equip- 
ment was old and inefficient. Consequently, the prices of 
boilers has increased many times because of reduced supply. 
Perhaps growth of this technology will allow new boilermak- 
ers to enter the market. 

Cities such as Los Angeles are literally choking on fumes 
produced by inefficient gasoline and diesel internal combus- 
tion engines. Concern by government at all levels has resulted 
in formation of environmental agencies such as the E.P.A. and 
so forth. 

These organizations will undoubtedly be thrilled that a 
steam boiler can be run on alcohol fuel, which produces only 
water and carbon dioxide as by-products. Plants turn the car- 
bon dioxide back into oxygen, so the various environmental 
groups may be the first to develop this technology. 

Even if the boilers are run by gasoline and/or diesel fuel, 
both of those fuels will bum very efficiently in a fuel-injection 
system. 

Imagine the amount of pollution that will not be put into the 
air when millions of cars nationwide no longer have to idle 
their engines waiting to have their exhausts tested! 

We are indeed fortunate to have so many public servants, 
such as Congressmen and Senators, who express their concern 
about the environment each year. 

If you decide to convert your car to the T.M. principle, 
government at all levels will be thankful for the help we are 
giving them as they labor to protect our environment. 

Referring back to our 3 H.P. boiler in the previous example, 
we see that after the steam is condensed back into water at 
212°F., only the B.T.U.s in STEP 2 (100,116) are necessary 
to turn the water back into steam. 

EXAMPLE: Using the boiler in the previous example, how 
many cubic feet of steam at 200 P.S.I. per minute will be 
produced? 

STEP 1 — From the conversion tables we see that 103 lbs. 
of water equals 1.648 cubic feet of water (103/62.5) per hour. 

STEP 2 — Steam, under one atmosphere of pressure (14.7 
P.S.I.) occupies about 1700 times the volume of the water 
from which it came, or 2801.6 cubic feet per hour (1.648 x 
1700). 

STEP 3 — However, under 200 P.S.I. or 13.605 atmos- 
pheres (200/14.7) of pressure, the volume of steam at 200 
P.S.I. will drop to 205.924 cubic ft. per hour (2801.6/13.605). 
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This yields 3.43 cubic feet per minute. Ans. 

You can easily calculate the amount of steam your Tesla 

piston will use by figuring the volume of the chambers and 

multiplying that figure by the frequency of reciprocation. 

Heat of combustion of some common fuels 

CALORIES PER GRAM 

FUEL OBTAINED (approx.) 

Propane 12,000 

Gasoline 1 1 ,500 

Oil 10,600 

Methyl alcohol 6,400 

Wood 4,000 

Cow pies Unk. 

10 Hydraulic system design 

A. Why use hydraulics? 

1 . Hydraulic fluid under pressure can be sent to or through 
otherwise inaccessible locations and converted back into elec- 
trical or mechanical power to provide light and do work. 

2. Fluid under pressure can be controlled by valves which 
can regulate the flow of fluids, thereby affording infinite 
control over the speed of whatever is being powered. 

3. Hydraulic power is ideally suited for use with a linear 
Tesla mechanical motor, because each movement of the motor 
shaft can be made to pump fluid. Since there is no wasted 
motion, efficiency is very high. 

Pascal’s law teaches that when pressure is applied to a fluid 
which is in a closed container, that pressure is transmitted with 
equal intensity throughout the liquid and at right angles to the 
surface of the container. 

For a greater understanding of hydraulic principles, an 
understanding of Pascal’s work is essential. 

Archimedes, who died in the year 212 B.C., was quoted as 
saying “Give me a place to stand, and I can move the world”. 
He was absolutely right, as long as he had sufficient power 
available to overcome friction and the time needed for convert- 
ing the speed of his pump into power. 

Archimedes was first to be credited with discovering the 
relationship between area and volume in a cylinder, informa- 
tion which we will be using to design our systems. 

B. Force and Pressure — Force is pressure working over a 
certain area. 

1 . If we have 100 P.S.I. of air pressure and it is acting upon 
a piston which has an area of 1 square inch, then a force of 100 
lbs. will be exerted on that piston. Therefore, it is possible to 
have 100 P.S.I. pressure, and obtain a force greater or less 
than 100 pounds. 

Use the tables at the end of this booklet to size your pistons, 
channels, and passageways. 

Notice that if a circular piston has a .75 inch diameter, its 
area is approximately .4418 square inch (A = 3.14 x r 2 ). 

If we apply 100 P.S.I. to that piston, we will obtain a force 
of only 44.18 lbs. 

However, the area of a circle varies directly with the square 
of its radius, so that when the radius of a circle is doubled, its 
area is increased four times. 

For example, if 100 P.S.I. is applied to a piston which is 
1.5 inches in diameter, the force is equal to the P.S.I. x the 


number of square inches. 

Since Area — 3.14 x r 2 , then the area = 3.14 x (.75) 2 or 
1 .767 square inches. Since we have a pressure of 100 lbs. per 
square inch exerted on this piston, we obtain a force of 176.7 
pounds on the piston. The P.S.I. has not changed, only the 
area it is applied to. If we double the pressure, we would 
obtain a force of 353.4 pounds on that 1.5 inch diameter 
piston. 

Force is fluid pressure multiplied by area. 

Referring to diagram “9”, we see a 1 sq. in. piston driving a 
3.14 sq. in. piston. 

Diagram 9 

A 1 sq. in. piston driving a 3.14 sq. in. piston 



To find the force exerted on the driven piston, divide its 
area by the area of the drive piston, and multiply that figure by 
the pressure applied to the drive piston. 

3.14 sq. in./l sq. in. = 3.14 3.14 x 100 P.S.I. = 314 

lbs. of force on the driven piston. 

Notice, however, that the drive piston will move a greater 
distance than the driven piston. The volume of fluid forced 
from the drive piston cylinder is equal in volume to the fluid 
gained by the cylinder with the driven piston. Therefore, the 
distance each piston moves is proportional to the areas of the 
two pistons. 

If the 1 sq. in. drive piston moves 12 inches, it displaces 12 
cubic inches of fluid. Twelve cubic inches divided by the area 
of the driven piston (3.14 sq. inches) = 3.82 inches that the 
driven piston will move. We have traded distance travelled by 
the drive piston for increased force on the driven piston. The 
equation is: DRIVEN PISTON DISTANCE - VOLUME OF 
FLUID DISPLACED BY THE DRIVE PISTON (cubic 
inches) divided by THE AREA OF THE DRIVEN PISTON 
(square inches). 

The force exerted on a piston equals the area of the piston 
(sq. inches) times the pressure (P.S.I.).F = AxP, where F is 
the force in pounds, A = the area of the piston (sq. inches), 
and P = the pounds of pressure per square inch. 

If we know the weight of the load we want to lift with the 
driven piston, we can find the P.S.I. required by the driving 
piston. If the force required is 314 pounds and the area of the 
driven piston — 3.14 sq. in., then the P.S.I. = FORCE/ 
AREA = 314/3.14 = 100 P.S.I. 

The rate of flow in gallons per minute determines the speed 
of the driven piston, or hydraulic motor. 

The DRIVE PISTON VELOCITY (ft./min.) x DRIVE 
PISTON AREA (sq. in.) = DRIVEN PISTON VELOCITY x 
DRIVEN PISTON AREA. 
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EXAMPLE: If in the previous example 3 G.P.M. of fluid 
flows to the drive piston and the drive piston is moving with a 
velocity of 57.37 ft. /min., what is the driven piston’s velocity? 

DRIVE PISTON VELOCITY (57.37 ft. /min.) x DRIVE 
PISTON AREA (1 sq. in.) = DRIVEN PISTON VELOCITY 
(unknown) x DRIVEN PISTON AREA (3.14 sq. in.). 57.37 
= DRIVEN PISTON VELOCITY x 3.14 sq. inches. 

57.37/3.14 = 18.27 ft./min. velocity of the DRIVEN 
PISTON. Ans. 

Hydraulic motors 

Hydraulic motors are really hydraulic pumps operating in 
reverse. Hydraulic pumps are rated as follows: 

1. Cubic inches of fluid displacement per revolution. 

2. Torque, in foot pounds, or inch pounds. 

3. Maximum pressure in P.S.I. 

4. Maximum R.P.M. speed. 

5. Length, width and height of the unit. 

Note: Do not be deceived by the relatively small size of a 
hydraulic pump or motor. They can apply a tremendous 
amount of power in spite of their small physical size. 

Referring to the conversion tables we see that one U.S. 
gallon is equal to 229.48 cubic inches. 

If a hydraulic motor requires .664 cubic inches of fluid for 
each revolution, and the fluid flow is one gallon per minute, 
then that motor shaft will turn 229. 48/. 664 times per minute, 
or 345.6 R.P.M. 

Hydraulic system equations 

1 . FLUID PRESSURE x PISTON AREA - FORCE 

2. FLUID DISPLACEMENT - PISTON AREA x 
STROKE DISTANCE 

3. H.P. - PRESSURE (P.S.I.) x GALLONS PER MIN./ 
1715 

EXAMPLE: H.P. = 1500 (P.S.I.) x 3 gal, per min . 

1715 

H.P. - 2.62 Ans. 

Now that we have looked at some of the basics of hydraul- 
ics, let’s use them to design hydraulic systems that are 
particularly compatible with Tesla’s motor. 

Before we do that, let’s look closely at the cycle of opera- 
tion of the T.M. again, this time to determine how many 
inches per minute the reciprocating shaft travels. 

Note from diagrams 10, 11, and 12, that in one complete 
oscillation of the piston, there are two power strokes. In this 
example, two .75 inch strokes. From channel “a” to “a” is 
considered to be one oscillation, and therefore one reciproca- 
tion has two power strokes. Every movement of the piston is a 
power stroke. 

This is mentioned to show that if the stroke of the T.M. is 
.75 inch, during one reciprocation the shaft will have moved a 
total of 1.5 inches. 

Since the T.M. piston is oscillating at 20 times per second, 
it travels 30 inches per second. Since the shaft of the T.M. is 
connected to the shaft of the hydraulic pump, the pump’s 
piston will also travel 30 inches per second, or 1800 inches per 


minute. 0/ 

Although the example given is for a water pump, the same 
principles apply to pumping hydraulic fluid under pressure. 
Naturally, the power required to do more work is greater, and 
hydraulic valves and high pressure hoses are needed to carry 
the fluid. 

Diagram 10 Diagram 11 Diagram 12 



EXAMPLE: A man has compressed air or steam available 
to him at 100 P.S.I. He drives a T.M. which has a 2 inch 
diameter piston, causing the piston to oscillate .75 inch 20 
times per second. How much fluid can he pump per minute, 
and at what pressure, if he operates a double-acting linear 
hydraulic pump which is 2 inches in diameter? Assume that a 
shaft x h inch in diameter is connected to the piston inside the 
hydraulic pump, thereby reducing the volume of fluid that can 
be pumped from that chamber. 

Symbols used: 

1 . V = A one-way valve, whether water or hydraulic fluid, 
which permits fluid to easily pass opposite the direction that 
the “V” is pointing. 

Imagine that the “V” opens up slightly at the point to release 
fluid, and then closes up again. 

2. ^ = direction of fluid flow. 

Refer to Diagram 13, of the double-acting hydraulic pump, 
as the following text describes its operation: 

Observe that when the piston inside the pump tube moves 
either way, fluid is pumped. As the piston pumps fluid from 
one chamber, the vacuum created draws fluid into the other 
chamber, so that there is no wasted movement. 
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When the pump piston moves left, fluid is forced from 
chamber “F” through one-way valve “c” at the same time that 
more fluid is drawn through one-way supply valve “b”. 

As the pump piston moves right, driven by the T.M., fluid 
is forced from “G” through one-way valve “d” at the same 
time that more fluid is drawn through one-way supply valve 
“a”. 

Each movement of the T.M. piston is a power stroke, and 
each movement of the associated double-acting pump is a 
pumping stroke. 


Diagram 13 

DOUBLE-ACTING HYDRAULIC PUMP 


Diagram is. not to 
scale, and is for 
illustration only 
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Hydraulic fluid return line-/ 


High-pressure working fluid 
to hydraul ic device 


In order to determine the volume and pressure of fluid 
pumped, we follow these steps: 

STEP 1 — From the previous text we already know that the 
T.M. and pump shaft will each travel 30 in, /second. There- 
fore, they will each travel 1800 inches per minute. 

STEP 2 — Since the square area of the hydraulic pump I.D. 
= 3, 14 sq. in., the volume of the cylinder = 3.14 cu. in. per 
linear in. of length of the tube, (v = 3.14 r 2 x L). 

STEP 3 — When the pump piston moves to the right, 2.355 
cu, in. of fluid will be pumped out of chamber “G”, through 
one-way valve “d’\ However, the volume of fluid which will 
be pumped from chamber “F” when the piston moves left will 
be less because the Vi inch diameter shaft which is attached to 
the hydraulic pump’s piston reduces the volume of fluid 
pumped by . 1964 cubic inches (3.14 r 2 x Length of stroke, or 
3.14 (.25) 2 . Therefore, the volume pumped when the piston 
moves left will be 2.355 cubic in. less .1964 cubic inches, or 
2.1586 cu. in. So when the hydraulic pump piston moves to 
the right, 2.355 cu. in. are pumped, and when it moves to the 
left 2.1586 cubic in. are pumped. 

Remembering the T.M. cycle, we can see that a total of 
4.5136 cubic inches of fluid will be pumped during one oscil- 


lation of the T.M. piston. 

Notice that there is no wasted motion, and every stroke 
pumps fluid. 

STEP 4 — Since we know that the T.M. piston is com- 
pleting 20 oscillations per second, we pump 90.272 cubic 
inches per second (20 x 4.5136 cu. in.) 

STEP 5 — 90.272 cu. in. /sec. — 5416.32 cu. in. /min. 

STEP 6 — Since there are 1728 cu in. in a cubic ft., 3.134 
cu. ft. are being pumped each minute (5416.32/1728). 

STEP 7 — We know there are 7.53 gallons in a cubic ft., so 
we are pumping 23.60 gal. /min. under the stated conditions. 
The man can pump 23.6 gallons per minute, but at what 
pressure? 

To determine the pressure of the 23.6 G.P.M., first deter- 
mine what force is being exerted on the driving T.M. piston. 
Since its area of 3. 14 sq. in. is being acted upon by 100 P.S.I, 
of pressure, a force of 314 lbs. acts on the T.M. piston. The 
314 lbs of force will be applied to the hydraulic pump piston, 
which in this case happens to also have an area of 3. 14 sq. in. 

Since a force of 314 lbs. is acting on the hydraulic piston 
area of 3.14 sq. in., the P.S.I. is 100. Therefore, this pump 
setup will pump 23.6 gallons of water or other fluid, at 100 
P.S.I. If water pressure for a home is desired, say at 40 P.S.I. 
for example, then the pump could supply 2.5 times the flow 
that it did under 100 P.S.I., or 59 G.P.M. 

What H.P. steam boiler will be required to run the above 
setup? 

Remembering the formula for H.P, is: 

H.P. = PRESSURE x G.P.M./1715 

H.P. = 40 (P.S.I.) x 59/1715 

H.P. = 1.38 

Suppose we want to pump hydraulic fluid under high 
pressure to do heavy work, and we have steam at 200 P.S.I. 
available (steam boilers are available which can produce pres- 
sures many times 200 P.S.I.) Please refer to Diagram #14. 

STEP 1 — We see that we have 200 lbs. of pressure on the 
2 in. diameter T.M. piston, producing a force of 628 pounds. 

STEP 2 — We take that T.M. shaft with its 628 lbs. of 
force and connect it to a hydraulic piston which has a diameter 
of .75 in., and therefore an area of .4418 sq. in. Since 628 lbs. 
of force is now applied to .4418 sq. in., we have 1421 .5 P.S.I. 
on the hydraulic piston, and consequently on the 
hydraulic fluid. We have gained P.S.I, due to the ratio of the 
T.M. piston area to the pump piston area. 

We now have hydraulic fluid under 1421.5 P.S.I., but what 
is the rate of flow? 

Rate of flow: 

STEP 1 — We know that the T.M. and the twin single- 
acting hydraulic pump shafts are moving at a rate of 1800 
in. /min. (20 cycles or Hz. /sec. x 60 sec. x 1.5 in. /cycle). 

STEP 2 — Since we are using a hydraulic pump with a .75 
in. diameter piston, it has an area of ,4418 sq. in. 

Step 3 — The volume of fluid pumped (cu. in.) is: V — 3. 14 
r 2 x length. V=.4418 x 1800 V = 795.24 cu. in./min. 

STEP 4 — Since there are 1728 cu. in. in a cu. ft., .46 cu, 
ft. /min. is pumped. Since there are 7.53 gallons/cu. ft., we are 
pumping 3.46 gallons per minute under 1421.5 P.S.I. Ans. 

Let’s look at what can be done with a rate of 3.46 gal. /min. 
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at 1421.5 P.S.I. 

Since there are 229.48 cu. in per 1 U.S. gal., we have 794 
cu. in. /min. available at 1421.5 P.S.I. 

The Spring 1986 Grainger catalogue lists a hydraulic motor, 
stock number 4Z770, which uses 3.6 cu. in. of fluid per revo- 
lution of its working shaft. 

Therefore, with a flow of 794 cu. in/min. that motor would 
turn 220.6 times per minute. (794/3.6). 

However, the number of R.P.M. tells us nothing about the 
torque, or turning power, of the hydraulic motor. 

The catalogue lists a torque of 728 in. -lb. at 1500 P.S.I. 
Since we only have 1421.5 P.S.I. available, the torque we will 
obtain will be less. 

A simple ratio will give us the torque that the hydraulic 
motor will provide at 1421.5 P.S.I. 

728 in. -lbs, (catalogue info ) - X (unk.) inch pounds of torque 
1500 P.S.I. 1421.5 

Cross-multiplying, we have 1500 X = 728 (1421.5) 

1500 X = 1,034,852 X — 689.9 in. -lbs. of torque, when 
the working fluid’s P.S.I. is 1421.5 Ans. 689.9 in. -lb. torque. 

Torque is important, as it tells us the ability of the hydraulic 
motor to turn (twist) a load. 

Synopsis 

I. We obtained 220.6 R.P.M. and 689.9 in. -lb. of torque 
under the following conditions with a Grainger 4Z770 
hydraulic motor: 

A. Tesla motor 

1. 2 inch diameter T.M. piston 

2. 3/4 in. stroke, moving V /2 in. total in one cycle. 

3. Shaft moves 1800 in. /min. 

4. Rate of reciprocation of 20 C.P.S. (Hz). 

5. Operating under 200 P.S.I. 

B. Twin single-acting pump 

1. .75 in, diameter 

2. Shaft moves 1800 in. /min. 

3. 4.5136 cu. in. fluid per cycle 

4. 90.272 cu. in. fluid per second 

5. 20 cycles (Hz)/second 

C. What H.P. boiler is required to run the described 
hydraulic motor under the stated conditions? 

From the hydraulic equation for H.P. we have: 

H.P. = PRESSURE (P.S.I.) x GAL. /MIN. 

1715 (A constant number) 

H.P. - 1421.5 (3.46 GPM)/171 5 

H.P. - 2.87 Ans. 

The above flow rate could be doubled by doing the 
following: 

1. Double the steam pressure. 

2. Increase the T.M. piston from 2 in. diameter to 3 in. 
diameter. 

3. Group two of the above systems. 

Hydraulic motors are available for any purpose, from 
numerous sources. They may easily be coupled to the trans- 
mission of a standard shift automobile, truck or farm tractor. 

For the farmer, this system is beneficial as he may use the 
by-products from farming and produce alcohol fuel by fermen- 
tation. Sugar beets are particularly suited to the production of 
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alcohol, and will help the farmer become energy self-sufficient 
(if he can hold onto his land). 

Diagram 14 



11 Tesla’s concept of the air-spring 

Nikola Tesla found that the air or other working medium 
which was trapped between the piston face and cylinder end 
plate caused the amplitude, or stroke, of the piston to increase 
a great deal. 

Upon investigation, he found that he could also make air 
chamber devices which could be attached to the reciprocating 
shaft of his motors, and that these external air- springs, too, 
would increase the stroke of the piston. These associated 
air- springs had the added advantage of being adjustable with 
respect to the rigidity of the entrapped air. 

Imagine that we have a steel spring about 12 inches high 
fastened to a table. With some effort, we are able to push that 
spring down, compressing it over a period of about 3 seconds. 
Although the compression of the spring took 3 seconds, the 
expansion of it will take place in but a fraction of that time, 
when we release it. When the spring uncoils, it vibrates at its 
natural frequency. 

Tesla found that as the rigidity, or resistance to motion, of 
his air springs increased, so did the resultant velocity of his 
motor’s pistons. 
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Naturally, more power is required to achieve this increase in 
amplitude, and the energy of the motors is greatly increased 
because of the increase in the piston’s velocity. Since the rate 
of reciprocation is not affected by the pressure of the working 
medium, an increase in amplitude means that the piston and 
shaft are moving a greater distance in the same time. Since the 
energy of the piston varies directly as it mass but as the square 
of its velocity, the air-spring concept was used to increase the 
energy produced by the motors. 

Using his discovery that the pressure of the working 
medium did not affect the rate of reciprocation of the piston, 
Tesla made clocks that kept perfect time when operated on 
compressed air. 

Since the T.M. resonates at its own natural frequency with 
the only apparent source of friction coming from the adhesion 
and viscosity properties of the working medium, we can make 
the pistons oscillate so that a magnet attached to its shaft will 
generate electrical current at 60 Hz. when reciprocated inside a 
coil/s. 

If a steel spring is stretched more than it was designed to be, 
it will be ruined and will not return to its former shape or 
condition. 

The ability of materials to return to their original shape 
following deformation is known as the material’s modulus of 
elasticity. The more a material tends to return to its original 
shape, the more elastic it is said to be. 

Air is perfectly elastic, as it is not damaged from being 
compressed or rarified; therefore, it is the perfect spring for a 
piston which is resonating within a tube. Other materials 
besides air may be used to achieve similar results, but that 
material must act in a perfectly elastic manner under operating 
conditions. 

The pressure of the air in the air-springs may be varied by 
drilling very small holes in each compartment of the air 
spring, so that it takes in air at the ambient temperature, as 
well as changing the rigidity of the air spring. The air-spring 
chamber may be sealed and charged with a compressed non- 
flammable gas. Valves may be threaded into each chamber of 
the air-spring to facilitate changing the rigidity, or alien screws 
with various size holes or no hole may be threaded into holes 
in the chambers. 

Although a gas will increase in temperature when com- 
pressed, it also cools when the pressure is released. Since the 
cycle of compression-rarification is so limited in time, little 
heating of the air- spring devices is noted. As with the Tesla 
motors, an extremely close fit between piston and cylinder 
wail is not needed. 

It should be mentioned that an incompressible fluid, such as 
water or hydraulic fluid, takes on a spring pressure closely 
resembling the rigidity and frequency of the spring-loaded 
one-way valve used to control the flow of fluid into and out of 
the hydraulic pump. 

Tesla also found that a magnetic field can also provide an 
indestructible perfectly elastic response. The magnetic fields 
may be created by permanent magnets or electromagnets. 

The frequency of a Tesla motor’s stroke is influenced by 
both internal and external spring responses. 


Diagram 15 

EXTERNAL AIR SPRING 



Note: A tube may connect the air-spring chambers, 
so that one air valve may be used 


12 Injector pump 

The purpose of the injector pump is forcing hot water from 
condensed steam back into the boiler for reuse. 

If a boiler is operating at 200 P.S.I., the return line must 
inject the water back into the boiler at a higher pressure. 

Diagram 16 

INJECTOR PUMP 



rust, drain the system 
and add mineral oil 

We will use the same boiler as in the previous example, 
which produces 103 pounds of steam per hour (3 H.P.) model. 
What steps may be followed to design an injector pump for 
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a particular boiler? The following steps may be used for a 
boiler of any capacity. 

STEP 1 — In this case, the boiler produces 103 lbs. of 
steam/hr., so we must return 103 lbs. of water to the boiler 
each hour. Since one gallon of water weighs 8.3 lbs., there are 
12.41 gal. of water in 103 lbs. 

Assume that we are using a second T.M. the intake port/s of 
which is connected to the exhaust port/s of the primary T.M. 
Also assume that the second T.M. has a piston diameter of 2 
in., but the pressure of the intake steam has been reduced to 
150 P.S.I. The reciprocation rate of the motor is still 20 cycles 
per second, but its stroke has been reduced to .5625 inch by 
cutting the channels wider and moving them closer together. 

STEP 2 — Since the reciprocation rate is 20 cycles/sec. we 
have 1200 strokes per minute, and 72,000 strokes per hour. 
Each stroke is .5625 in. long. 

STEP 3 — We know that we must pump 2847.85 cu. in. of 
water back into the boiler each hour (12.41 gal. x 229.48). We 
also know that the injector pump shaft from the second T.M. 
makes 72,000 strokes per hour. Therefore, each stroke must 
only pump: 2847.85 cu. in./72,000, or .03955 cu. in. 

STEP 4 — Since volume = 3.14 x r 2 x L, to find the 
proper diameter for the injector piston/rod, we substitute to 
find the unknown radius: 

V - 3.14 r 2 x L .03955 cu. in. = 3.14 (r 2 ) x .5625 
.03955 - r 2 x 1.767 r 2 - .03955/1.767 r 2 = .0223826 
r = .149608 D - .299 in. 

STEP 5 — We see that if w r e reciprocate a shaft with a 
diameter of .299 in., .5625 inches per stroke, 20 strokes per 
second, that we can return 103 lbs. of water to the boiler per 
hour. Since .299 in. is less than 5/16 in., we may use a .375 
in. (3/8) diameter piece of cold-rolled steel for the injector 
pump rod. Note: due to the small diameter involved, the rod it- 
self is used as the piston and the means of connection to the 
T.M. 

What will be the pressure of the water returning to the 
boiler? 

STEP 1 — Since the piston of the secondary Tesla motor 
has a diameter of 2 in. and an area of 3. 14 square in. operating 
under 150 P.S.I., it has 471 pounds of force exerted upon it. 

STEP 2 — This 471 pounds of force is exerted on the 3/8 
in. pump rod/piston, which only has an area of .1105 sq. in. 
This force exerted over this area results in a P.S.I. of 4262.44. 

We do not need that high a pressure to return water to the 
boiler. 

By simply restricting the flow of steam into the secondary 
T.M. by use of a steam control valve, any lesser desired 
pressure may be obtained. This will also conserve steam 
power from the second T.M. for possible use in a third T.M. 

Once the intake to the secondary T.M. has been properly 
adjusted by use of the steam valve, fix the handle in that 
position to prevent excessive return pressures from resuming. 
The intake to the injector T.M. may be restricted permanently 
by insertion of a restriction valve (barrier with small hole). 

Make sure that all piping and tubing will withstand your 
design pressures . 

Brake tubing can be used with these systems, as it is made 
to withstand considerable pressure. Consultation with a steam 
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fitter is recommended once your plans are done. He can best 
advise as to the proper methods and materials to achieve a safe 
and efficient steam system. 

13 How to generate electrical current directly 
with a Tesla mechanical oscillator (motor) 

If you cause a magnet to reciprocate within a thin tube 
which has been wrapped with many turns of magnet wire, 
electrical current will begin to flow in the circuit that is 
attached to the magnet wire of the coils. 

The amount of voltage which can be induced in a coil of 
wire is proportional to the rate of change of the magnetic field, 
meaning the quantity of magnetic flux changes which take 
place in a specific time period. The stronger the magnetic field 
of the magnet, the more induction obtained. Note that the 
magnet which is reciprocating within the coil can be a 
permanent magnet or an electromagnet. Since the shaft is 
reciprocating only a short distance, movement of the wires to 
the reciprocating electromagnet is not excessive. 

Michael Faraday showed that if a conductor is moved 
through a magnetic field, cutting what are presently called 
lines of magnetic flux, an electron current flows because 
voltage (push) is formed in the conductor. 

However, it is the relative motion of the conductor and 
magnetic flux lines that causes the voltage in the conductor. 
So why not leave the w r ire coil/s stationary, and oscillate a 
powerful magnet in a linear motion within the coils? This 
makes it unnecessary for the apparatus to have brushes to 
convey the electrical current, and other troublesome parts. 

With a Tesla-principle electrical oscillator, it would be 
advantageous to have an extremely lightweight piston of rela- 
tively small diameter oscillate against a very rigid air-spring 
while it is connected to a powerful magnet which is made to 
reciprocate within a coil/s of many turns. 

In addition to the rigid air-spring, restriction from the 
nozzles which have been threaded into the piston face at the 
lateral end of the piston’s passageways results in increased jet 
action, to obtain a greater velocity of oscillation. 

The advantage provided by a lightweight piston is that its 
natural frequency of oscillation would be higher than that of a 
heavy piston. The above would be the desired conditions if we 
wanted to generate high voltages. However, we can also make 
the shaft and magnet oscillate at 60 Hz. (cps) if house current 
is desired. 

Great care must be exercised when producing current in this 
way, because the power obtained can deliver a fatal shock. 
There is also the possibility that modifications of this concept 
may lead to extraction of gravity field energy. Many of the 
worlds brightest scientists and researchers now believe that 
gravity is caused by a pushing field effect, not an attraction. 
Newton measured the effects of gravity very well, but was 
honest enough to admit that he had no idea what caused it. 
One of the possible methods of extracting this energy is to 
create a very high voltage and suddenly break it down again. 
By associating a capacitance with the generator’s coil/s, the 
system can be made to resonate both mechanically and 
electrically. 

Polyphase current can be created by the way the coils are 
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arranged and wound on the spool within which the magnet is 
reciprocating. 

The following factors influence the inductance of electron 
current flow in the coil/s: 

1. Strength of the magnetic field which is oscillating. 

2. Number of turns of magnet wire. 

3. Speed with which the flux lines are cut. 

4. How efficiently the magnet’s flux lines cut the wires in 
the coil/s (design). 

5. As mentioned above, if the natural frequency of the 
oscillator matches the natural frequency of the electrical cir- 
cuit, maximum efficiency and accuracy can be obtained. Since 
capacitance in a circuit delays voltage and inductance delays 
amperage, by adjusting the two values in the electrical circuit, 
the current and voltage may be brought into phase, and there- 
fore peak power will take place at the same moment. Much 
power is now lost in homes and especially industry because 
the peak voltage is out-of-phase with the current. Full benefit 
for the price charged by the meter is therefore not obtained. 
There are devices available which can put the two factors back 
into phase. 

According to Dr. Nieper in his book Revolution in Tech- 
nology Medicine and Society , Professor Shinichi Seike, who is 
director of the Gravity Research Laboratory in Uwajima City, 
Ehime 798, Japan, has done much research regarding specially 
wound coils and has come up with remarkable results. 

It would be interesting to see what effects are gained from 
rapidly oscillating a powerfully-wound electromagnet inside a 
toroidal coif If some of the current gained were fed back, 
through a capacitor, to the reciprocating electromagnet, 
perhaps more energy than expected could be obtained, 
especially at high rates of oscillation. 

For purposes of calculating wattage from horsepower, 746 
w'atts are thought to be the equivalent of 1 horsepower. 

If you intend to generate electrical current by reciprocating a 
permanent magnet, the advice of a magnet manufacturer 
should be obtained before you begin. One knowledgeable 
person to contact is Les Adam of AZ. Industries, 28065 Diaz 
Rd., Temecula, CA. 92390 - Ph: 714-676-6331. Telex 
753522. 

With Tesla’s motor, people in remote parts of the world can 
have power and light, using any fuel available to make steam. 

14 Good design practices 

The piston/cylinder combination has many variables, so that 
the frequency of reciprocation can be nearly anything desired, 
within certain physical limits.. The following will affect the 
rate of reciprocation: 

A. Rate of reciprocation: 

1 . The mass (weight) of the piston and its associated 
moving parts. 

2. The rigidity of the enclosed air-springs within the T.M. 
is affected by the distance to the cylinder end plates from each 
face of the piston, as measured w'hen the piston is centered in 
the cylinder. The rigidity of the enclosed air-springs influences 
the piston’s rate of oscillation. 

3. The rigidity of the associated parts which may be con- 
nected to the reciprocating shaft, including the spring effect 


created by pumping an incompressible fluid past a spring- 
loaded one-way valve. 

4. The rigidity of an external air-spring, the chambers of 
which can themselves be charged with compressed air or other 
nonflammable gas to various spring pressures. The concept is 
similar to an air-type shock absorber on a car. Note that any 
material can be used as a spring as long as it has perfect 
elasticity under the circumstances of its use. In other words, it 
must have the ability to spring back to its original shape and 
dimensions after being deformed by the moving piston. This 
quality is known as the modulus of elasticity of that substance, 
and many physics books have tables listing the modulus for 
various substances. 

5. Very small bleeder holes may be drilled in each of the 
external air-spring chambers to adjust the rigidity in those 
chambers, or a threaded hole may be placed through each 
air-spring chamber allowing various alien screws through 
which holes have been drilled to modify the opening. 

Another method of varying the opening could be to thread a 
valve into each air chamber, so as to vary the opening. 

B. Amplitude of reciprocation is affected by: 

1. The pressure of the working medium. 

2. The velocity of the working medium coming from the 
piston/s nozzle/s. 

3. The spacing of the piston’s channels. Note that the pres- 
sure of the working medium does not affect the rate of oscilla- 
tion, so that if you want to generate electrical current from the 
T.M. shaft directly by attaching a magnet to the shaft, it can 
be made to reciprocate 60 times per second inside of a coil. 
With multiple coils you may obtain polyphase current, and 
either A.C. or D.C. can be obtained by winding the coils prop- 
erly. A.C. current can be changed to D.C. with solid-state 
rectifiers. 

Observe that if the rate of oscillation remains the same and 
the distance travelled has increased, then the velocity of the 
piston has increased because more distance has been covered 
in the same time. It will require more power from the working 
medium to do this in the form of either pressure or volume, or 
some combination of the two. Consider that w r hen generating 
electrical current directly from a T.M. shaft, that no brushes 
are necessary for removal of the working current because the 
coils are stationary. 

C. The piston may be of almost any material. The less mass 
it has, the greater the velocity it can attain, and since its energy 
varies directly as the mass and as the square of the velocity, 
light pistons of relatively small diameter are desireable. 
Naturally, when pumping a hydraulic load of some pressure, 
steel pistons are more durable. 

Since the piston resonates rapidly inside the cylinder, even a 
short stroke can accomplish much w'ork, and a great deal of 
fluid can be pumped. Cylinder material itself can be made into 
pistons if tubing is substituted for the channels and passage- 
ways. The ends of the piston would have to be sealed off. 

D. Use only steam-rated pressure relief valves if you build 
your own boilers, and do not use water heater relief valves. 
All tubing must be able to withstand the pressure you are 
using. Remember that although pistons of less mass recipro- 
cate faster than heavier ones, sufficient piston surface area 
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must exist to take advantage of the pressure provided by the 
working medium to accomplish the work you must do. 

E. The use of constricting nozzles will conserve the work- 
ing medium and velocity will increase if the load and working 
pressure of the medium are compatible. The nozzle sizes may 
be varied, as long as the set on one side of the piston matches 
the other end. 

F. There is no limit on the power obtainable with a Tesla- 
principle system when they are properly grouped for the 
purpose and run by steam. The only practical limitations 
correspond to the capacity of the boiler, in the number of 
pounds per square inch the boiler can withstand, the number of 
pounds of steam that it can make per hour, and the bursting 
strength of the components used for the cylinders and tubing. 
When making hydraulic components, steel is best. 

G. Steam engines work more efficiently if they stay hot. 
The primary cylinder and any auxiliary T.M. motors can be 
insulated in a variety of ways, and this will increase their 
efficiency even more. This is because steam condenses when it 
cools. 

H. Steam conducting tubing and fittings should be shielded 
from people, especially when operating pressures above 200 
P.S.I. are used. An invisible steam leak can cut skin. They 
should also be insulated. 

I. If steam is taken from the primary T.M. and directed into 
the intake of a second T.M., the piston area of the second 
should be somewhat larger than the first, as the working 
pressure will be lower. This would have the effect of increas- 
ing the force on the second T.M. piston. 

The same practice applies if more than two motors are 
connected to run on the exhaust from the others. In all cases, 
insulation will conserve energy. When recovering or reusing 
steam, one-way valves must be placed in each exhaust line of 
the T.M. which is supplying the steam. 

J. The cross-sectional square area of each channel cut into 
the piston should approximate the area of the round hole 
drilled into the bottom of the channel, which connects with the 
lateral passageway. The channel hole should be about equal to 
the passageway hole, but in no case should the passageway 
hole be of smaller square area than the channel cross-sectional 
area. If greater velocity of the working medium is wanted, 
drill one or more alien screws with the aperture wanted, and 
thread the alien screw/s into the passageways at the piston 
face. The hole for the alien screw will have to be bigger than 
the passageway hole, but it only has to extend a short distance 
into the passageway , depending upon the size of the alien 
screw. The threading may be started with a regular tap, but it 
is a good practice to finish it up with a bottom tap. Be careful 
not to drill too far into the piston face when preparing a hole 
for threading that the hole damages or connects with the 
channel on that side of the piston. 

On larger pistons, several passageways may be drilled, and 
each reduced at the end by a nozzle. 

K. Since the T.M. pistons are vibrating back and forth, it is 
well to keep the number of pistons operating divisible by two. 
With that arrangement, one pair may be made to cancel the vi- 
brations created by the other pair by regulating the frequency 
of reciprocation. 


Diagram 17 

FOUR T.M.S in BLOCK OF MATERIAL 



I 


Air-spring devices may be associated with half the 7 M. pistons 
so as to adjust their rate of reciprocation, if vibration 
problems persist 

Diagram #'17 shows the beginning position of each piston 


Automatic adjustment of external air-springs can easily 
accomplish this, so that any number of pistons may be 
associated. Mounting the unit on rubber also reduces trans- 
mission of vibration to the frame it is mounted on. 

The following suggestions will also assist in elimination of 
vibration. 

1. Each T.M. piston in the group should weigh the same. 

2. Design each T.M. piston to have identical dimensions 
and features, such as channel spacing. 

3. Each T.M. piston should be subjected to the same work- 
ing conditions and load response. The load response can be 
equalized by combining the outputs of the hydraulic pumps. 

4. The spring-loaded one-way hydraulic valves in the 
hydraulic system should be identical. 

5. Make the hydraulic pump dimensions identical. 

6. Position half the T.M. pistons to begin their cycle of 
operation opposite to the other half. 

Note that a steel block, bored for four pistons, will provide 
the necessary chambers plus mass, which will retain heat. A 
jacket of insulation may be placed around the engine. It is 
amusing to think about how we labor to prevent overheating 
with our internal combustion engines, and now we find it 
desireable to prevent heat loss. 
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An aluminum or wooden block can be bored to accept 
sleeves made from metal. These devices can be made to have 
very little weight and need not be expensive. 

L. When recovering water by condensing steam, the steam 
should be brought into the bottom of the radiator, and made to 
bubble through the hot water inside. The pressure relief valve 
should be maintained on the radiator. A pressure switch 
installed in the radiator can detect the formation of steam, and 
can activate an electric fan to cool the condensate. 

M. If you make your own boilers, you can design them 
with a firebox, so that if no gasoline, oil, alcohol or L.P.G. 
happens to be available, you can run the unit on wood or coal 
etc. 

This is what energy independence is all about. 

N. When making hydraulic pumps from seamless steel 
tubing, the end plate through which the reciprocating shaft 
enters must be sealed to prevent escape of the hydraulic fluid. 
However, since the pump shown in the hydraulic section 
pumps in both directions of the piston movement and is lubri- 
cated by the fluid itself, an extremely close fit between piston 
and cylinder is not critical. The better the fit the more efficient 
the unit will be. 

O. The volume of working fluid available to the T.M. 
piston can be increased by creating channels in the cylinder 
wdthin which the piston is oscillating. This can be done by 
placing one seamless tube within another so as to create 
channels, and then welding the tubes together. The advantage 
of this design, especially on the smaller diameter pistons, is 
that it is not necessary to lathe the channels in the piston as 
deeply to provide sufficient working medium to the chambers. 

P. By varying the width of the channels, you can control 
for what length of time during each cycle the piston is under 
power. However, you should leave enough piston landing 
length to form an acceptable seal with the cylinder wall. 

Diagram 18 


Increasing channel area by welding 
one seamless tube within another 

L i M 



weld inside tubing to the 
outside tubing 


Q. If the piston stalls under load you can do the following: 

1. Increase the power by increasing the P.S.I. 

2. Increase the volume of medium available to the 
chambers by enlarging the channels, ports and passageways. 
The alien screw nozzle may need to be enlarged. 

3. Widening the channels, thereby lessening the stroke 
and putting the piston under the influence of the working 
medium for a longer period of time. 

4. Increase the ratio of the T.M. piston area to the area of 
the hydraulic piston that it is powering. 

5. Adding another T.M. to the system to share the work. 

R. Remember that if the T.M. works with compressed air, 
it will work with steam. While experimenting, use compressed 
air for safety and convenience. If steam gets on the skin, 
immediately place the affected area in ice water. This will re- 
duce or eliminate the amount of the latent heat of vaporization 
that will bum the skin. If it is necessary to test by using steam 
as a medium, it is important that ice water be available for this 
purpose. 

S. There will undoubtedly be motor builders that are 
familiar with refrigeration systems that work on the change-of- 
state of a gas, such as ammonia. Since ammonia requires 
fewer calories to vaporize it than water, it requires less energy. 
However, it also requires 4.5 atmospheres pressure to turn it 
back into a liquid, which takes energy. It will be interesting to 
see if anything comes from using ammonia as a medium. 

T. When making double-acting or single-acting water 
pumps to operate under normal house-pressure, seals are not 
always required. This is because of the oscillating nature of 
the linear hydraulic piston. 

Since the water has properties of both adhesion and viscos- 
ity, the forces acting on any water trying to sneak through 
between the piston and cylinder wall are immediately reversed 
and the water vibrates, more or less in place between the pis- 
ton and cylinder wall. As soon as the water begins to go one 
direction, it is immediately urged to go back the other way. 

U. If the tubing used for the cylinder has thin walls, a collar 
whose inside diameter is equal to the outside diameter of the 
thin tube can be placed over that tube in order to facilitate 
fastening of the intake and exhaust tubing (if any). A support- 
ing collar can be made with a section of tubing also. 

V. When placing the working shaft on the T.M. piston, the 
shaft must be perpendicular to the plane of the cylinder 
diameter, to prevent binding of the working shaft/s on the exit 
hole, or seal. 

W. Remember to reduce the area of the T.M. piston by the 
area of the working shaft, in power calculations. Also, reduce 
the volume of the T.M. by the volume of the working shaft/s 
when calculating the amount of working medium the device 
will use per minute. 

X. When drilling holes, large bore bits must turn slower 
than smaller diameter bits. Scoring of the cylinder wall of a 
T.M. is undesirable, but will only reduce efficiency if it is 
severe. 

If there is a source of compressed air available, the drill 
press could be modified to run from a hydraulic motor. In that 
way, infinite control is gained over the speed. 

Y. Always use a hydraulic fluid filter to cleanse the fluid. 
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If the spin-on type is used, mount it a little higher than the 
supply tank so that the fluid does not siphon out when the filter 
element is changed. 

Z. Place the safety valves under lock and key , within a 
vented steel enclosure, to prevent tampering. If the steel 
enclosure is not vented, it will be subjected to the pressure of 
the steam should the relief valve operate. 

15 Measuring the rate of reciprocation 

of a Tesla Motor 

For design purposes, it is useful to know at what rate the 
T.M. is oscillating under a set of circumstances. 

If an oscilloscope is available, a magnet attached to the 
shaft and reciprocated inside a coil of just a few turns will 
produce a waveform which can be measured on an oscillo- 
scope. Avoid using many turns of wire for this purpose. 

If the stroke of the T.M. is measured by bringing a 
suspended object near the moving shaft, and you know how 
much water is being pumped per stroke from a linear hydraulic 
pump, the system can be timed with a watch and the volume of 
water measured. 

A frequency meter may be used. 

The reader will find the rates of reciprocation to be surpris- 
ingly high, even when the reciprocating piston and associated 
parts have considerable mass. This is especially true when a 
rigid air-spring is used with the piston. 

16 

Some applications for the Tesla-hydraulic system 

Application of the information found in this booklet to your 
individual needs will not only allow greater energy self- 
sufficiency, but will also allow you to design many machines 
and devices which can serve you more efficiently. 

Some of the more obvious possibilities are listed below, but 
you will find many others. 

1. If a Tesla-hydraulic system is installed on a boat, 
instead of having a shaft with a propeller projecting from the 
bottom, a jet stream of high-pressure w'ater will propel the 
boat forward or otherwise, merely by rotation of the nozzle. 

If Humphrey Bogart had one of these setups for his steam- 
driven rig in the movie African Queen, he wouldn’t have 
gotten leaches on him. Since these steam engines are very 
quiet due to the reuse of the steam, and because they can be 
run on pollution-free alcohol, some enterprising individual 
will undoubtedly bring back modem versions of the old paddle 
wheel boats, like the “ Clermont ” and “ Savannah” . These 
could be run on lakes where gasoline powered motor boats are 
presently not allowed, because of noise or pollution concerns. 

Amphibious vehicles could be made to have all wheels drive 
and have little draft as there will be no propeller shaft. 

Newspapers can be compressed in a simple piston-tube 
arrangement, where wet newspaper is pressed under great 
hydraulic pressure to be used as logs in the event of another 
energy “crisis”. 

Any number of reciprocating power tools can be made for a 
fraction of the cost of present ones. A hammer drill, which 
both reciprocates and rotates, can be made by welding a piece 
of “acme” thread onto the T.M. piston, and threading it 


through the cylinder end-plate. When the piston moves in the 
linear direction, the piston and threaded rod will rotate. A 
chuck placed on the thread will allow rapid changing of bits. 

Weld flux scaling devices and chipping hammers can easily 
be made, as well as devices which can remove concrete which 
is sticking to the inside of a concrete mixer’s drum, from the 
outside. 

Compactors for concrete and vibrators for any purpose can 
be inexpensively produced. Any reciprocating movement can 
be accomplished with a T.M. in a more efficient manner than 
tools which have movement similar to a four-cycle engine. 

Using hydraulic power to run a drill press allows infinite 
control over the speed of the chuck. 

One or more automobile alternators can be run from a 
T.M. -hydraulic system. The alternator, however, needs some 
starting current to operate the field coil. 

The smallest battery will provide enough current for the 
field coil, and sometimes, a bank of capacitors can replace the 
battery completely. 

Following the methods described in this pamphlet, there 
should be little trouble powering just about anything with a 
hydraulic system. 


17 Areas of circles 

(Square inches) 

A - 3.14 (r 2 ) 


Diameter 


Area 

Diameter 

Area 

1/64 

= 

.0001917 

37/64 

= .2625025 

1/32 

= 

.0007670 

19/32 

- .2768835 

3/64 

= 

.0017257 

39/64 

= .2916481 

1/16 

= 

.003068 

5/8 

= .3067962 

5/64 


.0047937 

41/64 

- .3223277 

3/32 

= 

.0069029 

21/32 

- .3382428 

7/64 

= 

.0093956 

43/64 

- .3545413 

1/8 

= 

.0122718 

11/16 

- .3712234 

9/64 

= 

.0155316 

45/64 

- .3882889 

5/32 

= 

.0191748 

23/32 

- .4057379 

11/64 

= 

.023015 

47/64 

= .4235705 

3/16 

= 

.0276117 

3/4 

= .4417865 

13/64 

— 

.0324053 

49/64 

= .460386 

7/32 

— 

.0375825 

25/32 

- .479369 

15/64 

= 

.0431432 

51/64 

= .4987355 

1/4 

= 

.0490874 

13/16 

= .5184855 

17/64 

= 

.0554151 

53/64 

= .538619 

9/32 

= 

.0621262 

27/32 

= .559136 

19/64 

= 

.0692209 

55/64 

- .5800365 

5/16 

— 

.076699 

7/8 

= .6013205 

21/64 

= 

.0845607 

57/64 

- .622988 

11/32 

— 

.0928058 

29/32 

- .6450389 

23/64 

= 

.1014345 

59/64 

= .6674734 

3/8 

= 

.1104466 

15/16 

= .6902914 

25/64 

= 

.1198423 

61/64 

- .7134928 

13/32 

— 

.1296214 

31/32 

= .7370788 

27/64 

= 

.139784 

63/64 

- .7610462 

7/16 

= 

.1503301 

1 inch 

- .7853982 

29/64 

= 

.1612597 

1.25 

= 1.227 

15/32 

= 

.1725728 

1.50 

= 1.767 

31/64 

= 

.1842694 

1.75 

= 2.4052819 
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1/2 = .1963495 

2 in. = 

3.14 

33/64 = .2088131 

3 in. - 

7.0685835 

17/32 = .2216602 

4 in. = 

12.566371 

35/64 = .2348908 

5 in. = 

19.634954 

9/16 = .2485049 

6 in. = 

28.274334 

Decimal equivalents of fractions 

1/64 = .015625 

33/64 = 

.5156250 

1/32 - .03125 

17/32 = 

.531250 

3/64 = .046875 

35/64 - 

.546875 

1/16 = .06250 

9/16 = 

.56250 

5/64 = .078125 

37/64 = 

.578125 

3/32 = .09375 

19/32 = 

.59375 

7/64 = .109375 

39/64 = 

.609375 

1/8 - .1250 

5/8 = 

.6250 

9/64 - .1406250 

41/64 = 

.640625 

5/32 = .15625 

21/32 = 

.65625 

11/64 = .171875 

43/64 = 

.671875 

3/16 = .1875 

11/16 = 

.6875 

13/64 - ,203125 

45/64 = 

.703125 

7/32 = .218750 

23/32 = 

.71875 

15/64 = .234375 

47/64 = 

.734375 

1/4 = .2500 

3/4 = 

.7500 

17/64 = .265625 

49/64 = 

.765625 

9/32 = .28125 

25/32 = 

.78125 

19/64 = .296875 

51/64 = 

.796875 

5/16 - .3125 

13/16 = 

.8125 

21/64 = ,328125 

53/64 = 

.828125 

11/32 = .343750 

27/32 = 

,84375 

23/64 = .359375 

55/64 = 

.859375 

3/8 - .3750 

7/8 = 

.8750 

25/64 = .390625 

57/64 = 

.890625 

13/32 = .406250 

29/32 = 

.906250 

27/64 - .421875 

59/64 = 

.921875 

7/16 = .43750 

15/16 = 

.93750 

29/64 = .453125 

61/64 - 

.953125 

15/32 = .46875 

31/32 = 

.968750 

31/64 = ,484375 

63/64 = 

.984375 


1/2 = .5000 

19 Some commonly used parts 

and where to get them 

Although most of the material needed to make the T.M.s 
can be found locally, such as seamless tubing, others are less 
common. Below is a list of some of the items used to make 
Tesla systems and where they may be obtained. 

TSC Tractor Supply — TSC Mail Order Center, 14242 “C” 
Circle Drive, Omaha, Nebraska 68144 Toll free # 1-800- 
228-2175 (in Nebraska, 1-800-642-9049). 

W. W. Grainger, Inc. 5959 W. Howard St., Chicago, 
Illinois 60648 (188 locations, nationwide). 

Note that prices are approximate, as they are from the 
Grainger Spring 1986 catalogue. 

I. VALVES 
A. Water 

1. foot valve 3/4 in. 2x610 $5.68 

2. foot valve l 'A in. 2x746 $13.56 

3. foot valve 2 in. 6x149 $25.03 


The foot valves have a #6 perforated strainer. 

4. check valves 3/4 in. 2x611 $7.62 

5. check valve 1 in. 2x612 $9.28 

6. check valve VA in. 2x613 $12.74 

B. Hydraulic 

1. “Colorflow” valves, “Manatrol series F” allow full 
flow in one direction, but none in the other direction. Sizes 
range from 1/8 brass-type at 2000 PSI, 3 GPM, ($14.51) to 
3/4 in., 25 GPM, ($37.50). 

Note: W. W. Grainger describes their sales as wholesale 
only. A business card is needed to start an account. 

A wide variety of hydraulic motors, control valves and other 
hydraulic items are available from the listed businesses. 

20 Conclusion 

Resonance Power Products was formed so that applications 
of the principles discovered by Nikola Tesla can be made 
available to people in a form that will assist them in becoming 
energy independent, if they so desire. 

The book Revolution in Technology Medicine and Society , 
by Dr. Hans A. Nieper suggests that gravity field energy can 
be converted into electrical energy. If that technology becomes 
available in a form that the individual can use, then we shall be 
able to use electrodes, not unlike the ones used in electric 
water heaters, to boil water for steam. When this happens, 
production and distribution of energy will be pollution-free. 
Dr. Nieper’s book gives an amazing insight into what the fu- 
ture holds, not only with respect to energy, but revolutionary 
medical findings, as well. 

Dr. Nieper’s book is available from Chrystyne M. Jackson, 
33382 Via De Agua, San Juan, Capistrano, CA 92675 for a 
price of $67.00 Federal Reserve “Notes”. 

In an otherwise bright future , as mentioned before , there 
are certain clouds. 

While energy independence can tend to assist people in 
asserting their God-given individual rights, people must still 
have the will to maintain the freedoms which the Founding 
Fathers labored to protect in our U.S. Constitution. 

We have studied the operation of the Tesla motor’s cycle. 
History teaches that the human condition also has a cycle: 

Bondage produces Faith, with Faith comes Courage , and 
Courage brings with it, Liberty , which soon produces 
Abundance, selfishness, complacency, apathy , and finally, 
dependency and bondage . Consternation to the enemies of the 
Republic! 

It is suggested that when you discover some useful, market- 
able product related to this technology, that you avoid trying 
to patent it. 

If you find something very good, and apply for a patent, 
there are forces that can very easily withhold the benefit of 
your discovery not only from you, but from everyone else, as 
well. 

Instead, produce it, or show others how to produce it, and 
thereby get compensated for your labor at the same time that 
many other people benefit. 
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Thankyou for ordering the plans for the Tesla Mechanical Motor ! Tesla developed many mechanical 
and electrical devices, and the booklet describes how to make the motor which produces linear recipro- 
cating motion. However, also enclosed is a copy of a Tesla Patent titled "Valvular Conduit", which 
we were unaware of when we sent the motor plans to Del. We sent Del a copy of this patent also as we 
think it is very important. The Tesla Mechanical Motor is a prime mover, whereas the Valvular Conduit 
is a check valve which has no moving parts! We have produced the mechanical motors in various diameters, 
and they operate without rings and without lubrication. This is because air, steam or hot gasses have 
properties of adhesion and viscosity, and form a cushion and seal upon which the piston rides. This 
mechanical motor, coupled with the valvular conduit, seems to fit in perfectly with your development 
of air driven equipment. The linear motion produced by the Tesla Mechanical Motor can be used to pump 
hydraulic fluid by operating a linear hydraulic pump. If a permanent magnet is connected to the shaft 
of the motor, electrical current can be produced by reciprocating the magnet within a coil/s of wire. 

In this way, no brushes are necessary for removal of the current, as the coil/s are stationary. Tesla 
found that it is possible to make one current preponderate over another, and the current obtained in 
the coil/s acts like direct current, without rectification. If a capacitor bank is substituted for an 
autanobile battery, this type generator will act as a magneto, and any initial current needed for ignition 
purposes can be supplied by the capacitors. 

However, the mechanical motor still needs a source of steam, air, or hot gasses. Steam can be 
produced in a flash-tube type boiler, and steam can be produced in half a minute, or so. The disadvantage 
of this type boiler is that it has no reserve. The vessel-type boiler as used in the Stanley Steamers has 
a reserve, but takes 10 to 15 minutes to heat up. If compressed air is used, there is no pollution and 
no problems with rusting of components, as with steam; however a power source is needed to compress the 
air. An alternative to using steam to produce the power to operate the linear mechanical motor is to 
make a combustion chamber as described on the last page of the Valvular Conduit patent. Alcohol or nearly 
any other gasseous or liquid fuel could be used to supply the combustion chamber. Notice that in this 
diagram, the combustion chamber is being used to supply a Tesla turbine with hot gasses. We have not 
emphasized the turbine, because it is not, as a practical matter, within the ability of the average 
motor builder to construct. The EFMs are around 12000 to 16000, and special all oys are needed for sus- 
tained operation. When made with those alloys, however, it is said that it is the most efficient turbine 
ever produced. The diagram shows air being admitted to the chamber through a valvular conduit, and the 
amount of air detenrrined by valve #30. It also shows fuel being admitted by a second valvular conduit, 
the amount determined by valve #31. Note that any ordinary check valve would be quickly burned and rendered 
useless under these operating conditions, but the valvular conduit has no moving parts to stick or become 
damaged. Although we have not yet made the conduit, we are satisfied that they will work as described for 
two reasons: Tesla never disclosed Information on anything until he had it perfected, and two, a working 
model of any Invention had to be submitted in 1916, when the patent was filed. Note also, that Tesla 
calculated the amount of reverse leakage to be expected. If the leakage from the first element is 1/X, 
then after the nth bucket the leakage would be (1/X) n . Suppose leakage from the first bucket is 1/20, or 
5 %. After only 3 buckets, it would be 1/8000, or .000125. 
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Suppose that we now have a linear Tesla Mechanical Motor being operated from a combustion chamber which 
is supplied with alcohol. Figure three shows how a vacuum pump or compressor can be made to operate on linear 
reciprocating motion. Tesla used valvular conduits as the check valves, but any air check valve can be sufetit- 
substituted for the conduits. Tesla emphasized the valvular conduit, however, because the rapid reciprocating 
motion of the mechanical motor was hard on normal check valves. The sealing of normal valves is dependent on a 
good fit between the moving part and its seat, and will not operate as efficiently or as long as the conduits. 

Ihe only wear in the valvular conduit is from fluid friction. 

Therefore, with these two devices, you could arrange a combustion chamber to operate the linear motor, 
and then use that motion to compress air to run the vehicles. The alternative would be to use the linear action 
to operate a hydraulic pump, and then achieve rotary motion for a car or truck transmission by use of a hydraulic 
motor, such as Sperry-Vicker's MVE19, capable of 4000 KFM and 2900 inch pounds of torque. Hydraulics has the 
added advantage of allowing a vehicle to be jacked up by use of a ram, in the event of a flat tire. 

Ws think that the linear prime mover is more efficient that the 4 stroke engine, b ecaus e the four-stroke 
wastes a great deal of energy from the linear piston motion when it turns the crankshaft. 

We will be investigating the best method for producing the valvular conduits, but right now it appears 
that milling would be the most economical for snail numbers of than. Seme milling machines are computerized, 
and can make nearly perfect reproductions. Molds are expensive, and it would be best to first determine what 
size valvular conduits would be the most versatile. 

Wfe think that it is past time that the technology that has been kept from us be put to actual use. We 
also think that these described devices may be one of the best ways to do that at this time, as regular autos, 
tractors, and trucks can be converted. Therefore, we do not need approval from auto companies, or oil companies. 

Thankyou for the information on air driven vehicles, we'll let you know of any production of these 
valvular conduits or combustion chambers. 


Sincerely, 



R. Steven Garrabrants 



We believe that the majority of inventions and innovations which have 
benefited people the most have come from individuals working without the 
backing of large corporations or institutions. There are notable exceptions, 
but folks work better for an ideal, rather than a paycheck only. 

Since any serious effort to return to steam power for stationary and 
mobile use will have a tendency to decentralize control over fuel supplies, 
those who now possess influence and control over those supplies cannot be 
expected to support this effort. For example, farmers may power their oper- 
ations on methane or alcohol, and sell excess alcohol to others. Pioneers in 
this concept may be contacted by writing the staff of the magazine The 
Mother Earth News, F.O. Box 70, Hendersonville, N.C. 28739, for past issues 
containing articles on alcohol production and steam power. They even have a 
steam powered saw mill* 


Boiler technology for mobile purposes seems to have been kept alive 
mainly by those who restore and drive the Stanley Steamers. One of these is 
C. Stanley Amsley, of Stanley Sales, 4885 Lincoln Way West, St. Thomas, 

Penn. 17252. We understand that Mr. Amsley is a world renown expert in steam 
power, and specializes in the fire-tube boiler. These were used in the Stan- 
ley Steamers, but they can be quite expensive to buy. 

Although we respect the effort to keep the Stanleys fitted with equip- 
ment of original design, we think that in order to convert existing vehicles 
in an economical way, methods of boiler construction which are less labor 
intensive will have to be developed. Flash-tube boilers can produce high- 
pressure steam in about half a minute, but they don't have the reserve cap- 
acity of the fire-tube type. Perhaps a heated steam chest could provide ade- 
quate reserve on a flash- tube type. Insurance should cost less for a flash- 
tube boiler, as the potential for steam damage is less. 

If anyone has information to share on converting automobiles, farms or 
equipment to steam power, or has a problem with the Tesla motors that is 
stopping progress, drop a line to Sue or Steve and we'll see if we can help. 

The booklet has 20 pages, including 18 diagrams, so those of you who 
ordered the plans from the ad in The Mother Earth News, can rest assured 
that you got the whole thing. The error was ours, and other ads are correct. 

If a lack of funds is slowing a steam project, consider selling air 
tools which can be inexpensively made with piston diameters of 3/4 in. up. 
Just remember that the center distance from channel to channel should match 
the center to center distance from the intake/s to either exhaust line. If 
you have the channels cut on a lathe, the cold-rolled steel may first be 
turned down from 6 to 10 thousandths of an inch less than the I.D. of the 
seamless tubing(closer tolerances for greater working pressures) . 

Also note that several passageways may be drilled from each piston 
face. This makes the piston lighter , and at the same time makes more working 
medium available to the piston faces when pumping heavy hydraulic loads. 

Tnis becomes important when the work.in.tj medium is air at only about 100 
P.S.I. Piston lengths can. be varied as long as the chann.els and ports pro- 
vide proper timing. 

Char-Lynn hydraulic motors are low-speed high-torque motors. They are 
i£ Ca «S,? t: , Ea ^° n Corp - ' HYDRAULICS DIVISION 15151 Highway 5, Eden Prairie, 

48084 n 4 8Qn P 743 1 jn fin?" 9800 ' • Vickers ' Inc - 1401 Crooks Rd., Troy, Michigan 
48U84 (1-800-243-8160) specializes m high speed hydraulic motors which can 

power on road vehicles. The nearest distributor may be located by contact- 
ing Sff? I" 3111 offices - Castle Metals, 230 S. 32 St., Phx. , Az . (PH: 
l b_/861J has D.O.M. tubing, just in case you can't find any locally. It is 
used in the hydraulics industry, and has great bursting strength, as well as 
a smooth bore. Remember to use pressure relief valves when designing hydrau- 
1,1C S ^ temS J to P r °tect the hydraulic hoses and other components . 

T 1 5. f ° r now ' aru ^ ma Y the Lord bless all your efforts at becominq 
more self-sufficient. Sue and Steve. y 



